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ABSTRACT 

This r e p o r t  extends the  e x i s t i n g  1968-1981 ser ies  o f  annual repo r t s  by the 
Alaska Pandalid Shrimp Research Program through the  1982 season. The h i s t o r y ,  
development, and trends o f  the shrimp f i she ry  as we l l  as those of the  shrimp 
research program a re  discussed i n  d e t a i l  . While emphasis i s  given t o  f i s h e r y  
and stock cond i t ion  t rends dur ing the l a s t  two seasons, the e n t i r e  data bases 
on t o t a l  catch, ca tch-per -un i t -e f fo r t  (C/E), age composit ion, and stock abun- 
dance i nd i ces  a re  reviewed i n  l i g h t  of recent  changes i n  stock cond i t ion .  
Included a1 so i s  the e x i s t i n g  shrimp management s t ra tegy .  This  s t ra tegy  i s  
based on past  and ongoing studies by the shrimp research program w i t h  pr imary 
emphasi s  on shrimp stock abundance ind ices .  

Trends i n  C/E, age composition, and stock abundance f o r  major Westward Region 
stocks co inc ide  w i t h  trends i n  t o t a l  catch and f l e e t  success. The r a d i c a l  
abundance decl ines seen dur ing the l a s t  f o u r  seasons i n  most stocks a re  re f l ec ted  
i n  age composit ion trends. The abundance of a l l  age cohorts  i s  seen t o  dec l i ne  
simultaneously and a t  r e l a t i v e l y  equal rates,  suggesting i n f l uence  by a non 
s i ze -spec i f i c  m o r t a l i t y  f ac to r .  While several p o t e n t i a l  non s i ze -se lec t i ve  
m o r t a l i t y  f a c t o r s  e x i s t ,  the most p l a u s i b l e  a t  present i s  f i s h  predat ion.  This  
i s  because the shrimp dec l ine  coinc ides w i t h  sharply  increasing abundance o f  
f i s h  species, several o f  which are  known shrimp predators. A major predator  i s  
the Pac i f i c  cod (Gadus macrocephalus) which has been shown t o  feed on shrimp i n  
a non s i  ze-se lec t i  ve manner. 



INTRODUCTION 

This r e p o r t  cons t i t u tes  the f i r s t  o f  a ser ies  designed t o  annual ly  document the  
status o f  the  Westward Region shrimp f i s h e r y  and a c t i v i t i e s  of the Alaska Pan- 
da l  i d  Shrimp Research Program by the  Alaska Department o f  F ish  and Game (ADF&G) . 
This ser ies  i s  designed t o  serve two purposes: f i r s t ,  t o  document and evaluate 
the  performance o f  each season's f i shery  r e l a t i v e  t o  the  e x i s t i n g  data base; 
and second, t o  eval uate any re1 a t ionsh ips  seen between f i she ry  performance and 
b i o l o g i c a l  i nd i ca to rs  o f  stock cond i t ion .  I n i t i a t i o n  o f  t h i s  se r i es  stems from 
the te rminat ion  o f  Federal A id  r e p o r t i n g  requirements under which the Kodiak 
D i s t r i c t  shrimp f i s h e r y  had been documented seasonal ly s ince 1968. E l  im ina t i on  
o f  these requirements i s  a r e s u l t  of a  r e a l l o c a t i o n  t o  o ther  p r o j e c t s  o f  t he  Fed- 
e r a l  funds used s ince 1968 t o  p a r t i a l l y  support t h i s  program under PL 88-309 
"Comnercial F isher ies  Research and Development Act". Although Kodiak D i s t r i c t  
shrimp research and f i s h e r y  devel opment had been documented annual l y  i n  federa l  
repo r t s  from 1968 through 1981, on ly  p a r t  o f  the program c a r r i e d  ou t  i n  the  
Chignik, South Peninsula, and A leu t ian  I s l a n d  D i s t r i c t s  were inc luded i n  them 
as work i n  these d i s t r i c t s  was s o l e l y  supported by Sta te  o f  Alaska funding. This  
cu r ren t  r e p o r t  i s  intended t o  succeed the l a s t  r e p o r t  under Federal funding 
(Jackson 1981 ) and b r i n g  together  under one cover a1 1 f i s h e r y  performance eval -  
uat ions and stock assessment research c a r r i e d  ou t  by the Westward Shrimp Research 
Program inc lud ing  discussion o f  management techniques. Discussions of f i s h e r y  
performance and catches i n  t h i s  repor t ,  unless s ta ted  otherwise, w i l l  be based on 
the  "b io log i ca l  year "  (May-Apri l) r a t h e r  than on an annual o r  f i s c a l  year  basis.  
Fishery performance t rends on the  bas is  o f  f i s h i n g  seasons a re  more meaningful 
as they co inc ide  w i t h  egg hatch and recru i tment  cycles. Catches based on the  
b i o l o g i c a l  year  i n  t h i s  r e p o r t  s h a l l  be r e f e r r e d  t o  as seasonal catches and must 
no t  be compared w i t h  those based on the  calendar o r  f i s c a l  year.  

The 1 a s t  federa l  r e p o r t  (Jackson 1981 ) concentrated on eva lua t ing  shrimp stock 
cond i t ions  i n  the 1980-81 season; there fore ,  the present r e p o r t  w i l l  concentrate 
on stock cond i t ions  i n  the  1981-82 and 1982-83 seasons. Since most prev ious 
repo r t s  contained no in format ion on shrimp f i s h e r i e s  and research programs i n  
Chignik, South Peninsula, and A leu t ian  I s l a n d  shrimp d i s t r i c t s ,  the  h i s t o r i c a l  
catch, e f f o r t ,  and stock abundance data f o r  these d i s t r i c t s  a re  inc luded t o  
fac i  l i t a t e  d iscussion and f u t u r e  reference. 

Descr ip t ion  o f  the Area 

The Westward Region shrimp f i she ry  inc ludes  a l l  Pac i f i c  Ocean waters south o f  
the l a t i t u d e  o f  Cape Douglas (58O52' N. l a t ) ,  west of the  l ong i tude  s f  Cape 
F a i r f i e l d  (148'58' W. long.) eas t  o f  172" E. long. and seaward t o  the  300 F 
contour, and a l l  Bering Sea waters eas t  o f  172" E. long. (F igure 1 ) .  This area, 
re fe r red  t o  as S t a t i s t i c a l  Area J, i s  d i v ided  i n t o  f i v e  f i s h i n g  d i s t r i c t s  
de l ineated as fo l l ows :  

1)  Kodiak D i s t r i c t  - a l l  waters o f  S t a t i s t i c a l  Area J east  o f  a l i n e  
extending south from K i lokak  Rocks. 

2)  Chignik D i s t r i c t  - a l l  waters west of a l i n e  extending south f rom 
K i lokak  Rocks, eas t  o f  a 1 i n e  f rom Kupreanof P o i n t  t o  the eastern- 
most p o i n t  of Cast le  Rock, and eas t  of a 1 i n e  extending 135' southeast 
from the easternmost p o i n t  of Cast le  Rock. 



Figure 1. Shrimp f i s h i n g  d i s t r i c t s  and s e c t i o n s  of the Westward Region ( S t a t i s t i c a l  Area J) shrimp f i s h e r y .  



3) South Peninsula Dis t r i c t  - a l l  waters west of a l i n e  from Kupreanof 
Point t o  the easternmost point of Castle Rock, and west of a l i n e  
extending 135" southeast from the easternmost point of Castle Rock 
and Pacific Ocean waters eas t  of the longitude of Cape Sarichef. 

4 )  North Peninsula Dis t r i c t  - a l l  Bering Sea waters e a s t  of the longitude 
of Cape Sarichef. 

5) Aleutian D i s t r i c t  - a l l  Pacific Ocean and Bering Sea waters west of 
the longitude of Cape Sarichef. 

All d i s t r i c t s  except the North Peninsula D i s t r i c t  a re  comprised of several " f ish-  
ing sections" within which the majority of shrimp trawling occurs. Harvest levels  
a r e  regulated fo r  most sections,  and each section i s  considered to contain d i s -  
c re te  stocks which generally do not migrate t o  adjacent sections.  All references 
to shrimp d i s t r i c t s  and sections throughout t h i s  report  will be based on delinea- 
t ion of these geographical units  shown i n  Figure 1 .  

Devel opment of the Fi s hery 

The Westward Region shrimp f ishery was i n i t i a t ed  a t  Kodiak i n  1957 with explora- 
tory tows by local vessels in nearby Marmot and Chiniak Bays. The f i rs t  shrimp 
peel ing machines were instal  led during calendar year 1958, with 1959 marking 
the f i r s t  year of commercial production with an annual catch of 2.9 mil l ion 16 
(1,318 m t )  . Subsequent annual catches progressively increased t o  36.7 mil l ion 
Ib (16,682 mt) i n  1967, peaked in 1976 a t  119.3 million l b  (54,227 m t ) ,  then 
declined ra ther  abruptly to  21 -7 million l b  (9,864 mt) in 1981 (Figure 2 ) .  

The shrimp fishery pr io r  t o  1967 operated en t i re ly  within the Kodiak Dis t r i c t .  
Beginning i n  1967 and 1968, however, development of small localized f i she r i e s  
began i n  the South Peninsula and Chignik Dis t r i c t s  (Figure I ) .  Development of 
the South Peninsula f ishery centered i n i t i a l l y  in Unga S t r a i t  and Stepovak Bay, 
while t ha t  i n  the Chignik D i s t r i c t  centered around Hvanof Bay and Mitrofania 
Island. A t h i r d  small f ishery was i n i t i a t ed  during 1972 in the Aleutian D i s t r i c t  
near Unalaska Island. Fishing e f f o r t  here quickly expanded Lo include Makushin 
Bay, Beaver In l e t ,  and several small bays on the Pacific Ocean s ide  of Unalaska 
Island. Seasonal catches from the Aleutian D i s t r i c t  have remained small, w i t h  a 
high of 4.9 million l b  (2,225 mt) i n  1978-79, and a subsequent low of 0.34 million 
I b  (154 mt) i n  1982-83 (Table 1 ) .  While the seasonal catches from the Chignik, 
South Peninsula, and Aleutian D i s t r i c t  seasonal catches comprised only a small 
proportion (2-1 3%) of annual regional catches through 1971 . Their contrjbutisn 
increased markedly to 25.5% in 1972, peaked i n  1977 a t  71% (78-9 million I6  or  
35,864 m t ) ,  and subsequently declined t o  11.6 and 3 .2% i n  1981-82 and 1982-83, 
respectively. This resulted i n  the Kodiak D i s t r i c t  once again becoming the  major 
contributor t o  regional catches. I t  must be recognized, however, t ha t  while 
dependence upon Kodia k D i s t r i c t  catches increased during 1985 and 1982, actual 
catch magnitude was declining, a1 though l e s s  rapidly than in the other d i s t r i c t s .  

Eva1 uating stock condition requires an understanding of the evol ution of vessel 
and gear types used. During the i n i t i a l  years of t h i s  f ishery from the ear l  
through l a t e  1960's the primary vessel type was the 50 to 70 f t  (15.2-21.3 m 7 
herring se iner  rigged t o  f i sh  a s ingle  West Coast s t y l e  trawl w i t h  a 60 to  90 f t  



F igu re  2. Annual shr imp harves ts  o f  t h e  Westward Region, 1969-1982. 
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Table 1. Westward Region seasonal t r a w l  -caught shrimp harves ts  i n  m i l l i o n s  of pounds by f i s h i n g  sect ion,  
1973-74 through 1982-83 seasons1. 

F i sh ing  F i sh ing  Season 
D i s t r i c t / S e c t i o n  1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1381 -82 1982-83 

KODIAK DISTRICT 

Marmot Bay 
Marmot I s l a n d  
Ch in iak  Bay 
K a l s i n  Bay 
K i l  i uda  Bay 
Twoheaded I s l a n d  
A l i  t a k  Bay 
A l i t a k  F l a t s  
Olga Bay 
Ugak Bay 
Uyak Bay 
Uganik Bay 
West Afognak 
Nor thern 
S. Mainland 
Kukak 
Wide Bay 
Puale Bay 
Non-Section 

SUB-TOTAL 

CHIGNIK DISTRICT 

K u j u l i k  Bay 
Ch ign i  k Bay 
Ku iuk ta  Bay 
M i  t r o f a n i a  I s .  
I v a n o f  Bay 
Sutwik I s .  
Seal Cape 

SUB-TOTAL 



Table 1.  Westward Region seasonal t raw l -caught  shrimp harves ts  i n  m i l l i o n s  o f  pounds by f i s h i n g  sec t ion ,  1973-74 
through 1982-83 sea sons1 (con t inued) .  

F i s h i n g  F i sh ing  Season 
D i s t r i c t / S e c t i o n  1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 

SOUTH PEN1 NSULA 

Stepovak Bay 
Unga S t r a i t  
West Nagai 
Beaver Bay 
Kennoys I s .  
Pav lo f  Bay 
Be1 ko f s  k i  Bay 

SUB-TOTAL 

ALEUTIAN DISTRICT 

Unalaska Bay 
I Makushin Bay m 
I Beaver I n 1  e t  

Skan Bay 
Usof Bay 

SUB-TOTAL 

GRAND TOTAL 

'Sect ions w i t h  no ca tch  i n d i c a t e d  by zero. Dashes i n d i c a t e  no s e c t i o n  e x i s t e d  t h a t  year .  

'Closed t o  commercial t r a w l  i n g  . 
3Catches f rom K a l s i n  and Ch in iak  Bays combined under K a l s i n  Bay. 

"Catch made f rom Wide and Puale Bays. 

=Catch made f rom A1 i tak  F l a t s .  

'Skan Bay ca tch  i nco rpo ra ted  w i t h  t h e  Makushin Bay ca tch  s i nce  1978. 



(18.3 - 27.4 m) headrope. The f i r s t  Gulf of Mexico s t y l e  double-rigged vessels 
equipped t o  f i s h  two t raw ls  simultaneously appeared i n  1970. A r a p i d  i n f l u x  o f  
t h i s  type of vessel and gear fol lowed and by 1973 a t  l e a s t  one-half of the f l e e t  
was composed o f  double-rigged vessels ranging from 70 t o  100 ft (21.3 - 30.5 m) 
i n  length. The t raw ls  and r i g g i n g  used o r i g i n a l l y  by these vessels were 1 i g h t e r ,  
somewhat narrower, and tended bottom l e s s  c lose l y  than West Coast s t y l e  s ing le -  
r igged t raw l  s. These d i f fe rences proved t o  produce cons i s ten t l y  h igher  and 
somewhat cleaner shrimp catches. Because p ink  shrimp d i s t r i b u t i o n s  charac ter is -  
t i c a l l y  occur s l i g h t l y  above bottom and because o f  the  need t o  reduce i n c i d e n t a l  
bottomfish contamination, fishermen and government agencies began experimenting 
w i t h  h igh  opening t rawls .  These new t raw ls  became the  standard and were f ished 
(o r  f lown) up t o  several f e e t  above bottom and achiev ing up t o  12 ft (3.7 m) 
v e r t i c a l  opening. High opening t raw ls  cont inue t o  u t i l i z e  the t r a d i t i o n a l  t i c k l e r  
chain which tends bottom immediately i n  f r o n t  o f  the footrope.  

The evo lu t i on  t o  new gear types has been accompanied by increased use o f  sophis- 
t i c a t e d  e l e c t r o n i c  f i s h  f i n d i n g  and depth sounding equipment, espec ia l l y  dur ing  
the l a s t  5 years, Use o f  these hydroacoust ic sounders has enabled more p rec i se  
l o c a t i o n  o f  shrimp schools and has increased the a b i l i t y  t o  f i s h  areas prev ious ly  
considered untrawlable. I n  the  Westward Region shrimp f i s h e r y ,  as i n  most f i s h -  
e r ies ,  the  evo lu t i on  of t raw l  gear as we l l  as e l e c t r o n i c  a ids  t o  f i s h i n g  and f i s h  
f i nd ing  i s  a never ending process aimed a t  increased e f f i c i e n c y .  

The i n t roduc t i on  of double-rigged vessels i n t o  the f l e e t  occurred simultaneous1y 
w i t h  an abrupt increase i n  the  number o f  vessels involved. This  increase, coupled 
w i t h  the fac t  t h a t  t h e  m a j o r i t y  o f  the  new vessels were double-rigged, g r e a t l y  
increased o v e r a l l  f i s h i n g  power. The number o f  vessels f i s h i n g  annual l y  increased 
from 6 t o  26 between 1960 and 1970 and ranged f rom 49 t o  75 between 1971 and 1981. 
F l e e t  s i z e  dur ing the 1978-1981 seasons l eve led  o f f  a t  approximately 60 vessels, 
and decl ined t o  approximately 60 vessel s i n  the  1982 season. The m a j o r i t y  of 
vessels f i s h i n g  shrimp dur ing  the l a s t  f i v e  seasons have been double-rigged. 

Development o f  the Westward Region shrimp f i s h e r y  i nc lud ing  the  dramatic increase 
i n  seasonal catches i n  the mid-1970's and subsequent dec l ine  through the  1981-82 
season was discussed e a r l i e r  i n  t h i s  repo r t .  Th is  dec l i ne  has, unfor tunate ly ,  
cont inued w i t h  the 1982-83 season ca tch  o f  10.73 m i l l i o n  I b  (4,871 mt) being on l y  
50.2% o f  t h a t  i n  t h e  1981-82 season and the  lowest  seasonal ca tch  s ince 1964 
(Table 1). 

I t  must be recognized i n  eva lua t ing  f i s h e r y  performance, t h a t  the  dec l i ne  i n  
t o t a l  ca tch  i s  due, a t  l e a s t  i n  pa r t ,  t o  the increas ing  number o f  f i s h i n g  sect ions 
which have remained c losed because o f  cont inued low abundance. These c losures 
have r e s u l t e d  i n  a complete absence of e f f o r t  i n  the  Alaska Peninsula D i s t r i c t  
and on ly  minimal e f f o r t  i n  es tab l ished sect ions i n  the  Chignik D i s t r i c t  (Table 
2). I n  add i t i on ,  several once product ive  f i s h i n g  sect ions i n  the  Kodiak D i s t r i c t  
have remained closed f o r  the  l a s t  several seasons; the  most no tab le  of these a r e  
the  Twoheaded Is land,  K i l  iuda Bay, Marmot Bay, and Ugak sect ions. These c losures  
were made i n  accordance w i t h  the shrimp management s t ra tegy  t o  be discussed i n  
d e t a i l  l a t e r  i n  t h i s  r e p o r t ,  and were i n  response t o  cont inu ing  extremely low 
abundance. Had these c losed areas been open t o  commercial f i sh ing ,  catches f rom 
them woul d probably have been minimal . 



Table 2. 1981-82 and 1982-83 seasonal trawl-caught shrimp catches by month and f i s h i n g  d i s t r i c t  i n  the  
Westward Region. 

F ish ing  D i s t r i c t  - Season 
Kodia k Chigni k Alaska Peninsula A leu t ian  Is lands  

Month 1981 -82 1982-83 1981 -82 1 982-83 'I 981 -82 1982-83 I 981 -82 1 982-83 

March 1 1 1 1 1 1 155,810 3 

Ap r i  1 1 1 1 1 1 1 428,793 3 

May 
1 1 1 1 1 1 849,779 189,048 

June 24,950 3,692,623 70,9482 1 1 1 495 ,I 03 152,503 

J u l y  8,000 4,699,058 1 1 1 1 3 3 

August 11,893,498 1,500,547 1 1 1 1 3 3 

September 3,952,137 326,908 1 1 1 1 3 3 

October 2,156,418 67,489 1 1 1 1 3 3 

November 194,277 19,368 1 1 1 1 55,080 3 

I December 342,323 1 1,488 1 1 1 1 200,761 1 
a, 
I January 312,516 40,575 1 1 1 1 3 1 

February 227,540 33,151 1 1 1 1 3 1 

March 1 1 1 1 1 1 3 1 

TOTAL 19,111,659 10,391,207 70,948 0 

Season c losed t o  f i s h i n g .  

Catch from Chiganagak Bay Sect ion on ly .  
3 Not f i s h e d  i n  s p i t e  of t h e  season being open. 



THE SHRIMP RESEARCH PROGRAM 

Program Development 

The Westward Region shrimp research program was i n i t i a t e d  i n  l a t e  1967 w i t h  i n i -  
t i a l  e f f o r t s  d i rec ted  a t  cha rac te r i z i ng  the b io logy  o f  the stocks invo lved and 
the na ture  o f  the  f i s h e r y .  This  invo lved def in ing  the l i f e  h i s t o r y  parameters 
of the var ious species u t i l i z e d  and i n i t i a t i n g  a study t o  moni tor  catch-per-uni t -  
e f f o r t  (C/E) of the  comnercial f l e e t .  Object ives of these i n i t i a l  s tud ies  were 
t o  establ  i s h  base1 i n e  data on r e l a t i v e  stock abundance and t o  def ine basic  1 i f e  
h i s t o r y  parameters such as mating, egg hatch, age a t  sexual ma tu r i t y ,  and mo l t i ng  
per iods f o r  t he  pr imary species involved. Results o f  these s tud ies  served t o  
j u s t i f y  c losure  o f  c e r t a i n  inshore waters throughout the egg hatch per iod.  

The sharply  increased u t i l i z a t i o n  o f  Westward Region shrimp stocks between 1970 
and 1978 resu l ted  i n  an a d d i t i o n a l  research e f f o r t  d i rec ted  a t  mon i to r ing  stock 
s t rength  and cond i t ion .  A concerted a n a l y t i c a l  e f f o r t  was i n i t i a t e d  t o  standard- 
i z e  the e x i s t i n g  C/E data base. This study was i n i t i a t e d  i n  response t o  suspi-  
c ion  t h q t  the simultaneous increases seen i n  both t o t a l  catches and C/E was merely 
a func t ion  of increased gear e f f i c i e n c y  masking a dec l i ne  i n  s tock s ize .  Sub- 
j e c t i o n  o f  t h e  e x i s t i n g  data base t o  a computerized C/E s tandard iza t ion  r o u t i n e  
developqd by M i l l e r  and Gaffney (1979) conf irmed t h i s  suspic ion and u l t i m a t e l y  
1 ed t o  the more conservat ive panda1 i d  shrimp management s t ra tegy  p resen t l y  i n  
effect.  De ta i l ed  discussions and evaluat ions of t h i s  C/E s tandard iza t ion  r o u t i n e  
are  presented i n  Jackson (1 980, 1981 ) . Another major research e f f o r t  i n i t i a t e d  
s ince 1970 was the development and u t i l i z a t i o n  o f  shrimp stock assessment sur- 
veys, These surveys p resen t l y  comprise a major study component and the pr imary 
data sogrce upon which the  shrimp management s t ra tegy  i s  based. Discussions of 
t h e  gear, sampl i n g  techniques u t i l  ized, i n t e r p r e t a t i o n  o f  r e s u l t s ,  and h i s t o r i c a l  
abunaanqe ind i ces  f rom these surveys are  found i n  Jackson (1981). These surveys 
prov ide two pr imary data types f o r  each f i s h i n g  sect ion surveyed: f i r s t ,  a  ser- 
i e s  ~f qtock abundance i nd i ces  which a r e  d i r e c t l y  comparable and used t o  moni tor  
stock st rength;  and second, s i z e  composit ion p r o f i l e s  which are  used t o  m o n i t ~ r  
recru i tment ,  growth, and the e f fec ts  of f i s h i n g  on o v e r a l l  age s t ruc tu re .  

It becomes obvious, therefore, t h a t  s tud ies  by the  Alaska Pandal id Shrimp Research 
Program have necessar i l y  been c l o s e l y  a l i gned  w i t h  f i s h e r y  management needs. This 
has been espec ia l l y  t r u e  s ince 1979, a t  which t ime t raw l  survey techniques were 
r e f i n e d  and a shrimp management s t ra tegy  was developed which d i r e c t l y  u t i l i z e d  
survey r e s u l t s  as a pr imary data source f o r  harvest  l e v e l  determinat ion. 

The shrimp research s t a f f  has a1 so been inst rumental  i n  the development, imple- 
mentation, and eva lua t ion  of the  e x i s t i n g  shrimp management s t ra tegy .  It must 
be st ressed here, however, t h a t  t h i s  development and eva lua t ion  i s  by no means 
complete. I n  l i g h t  o f  the  complex and changing nature o f  the  shrimp f i s h e r y ,  
f i n a l  development o f  t h i s  s t ra tegy  w i l l  be a long term process, w i t h  the  f i n a l  
s t ra tegy  poss ib l y  d i f f e r e n t  from t h a t  p resen t l y  i n  e f fec t .  



Present Program Objectives 

The primary responsibility of shrimp research has typically been to design and 
conduct studies to  evaluate the abundance and condition of comnercially uti l ized 
shrimp stocks. In l igh t  of the rapid expansion of the shrimp fishery ana sub- 
sequent downward abundance trends discussed ea r l i e r ,  research ef for t s  i n  the 
mid-1970's concentrated on assessment of stock condition a t  various harvest 
rates.  A major project goal since 1979 has been the development, implementation, 
and evaluation of a comprehensive shrimp management strategy. This e f for t  1 ed 
t o  the formal adoption of the existing management strategy described l a t e r  in 
th i s  report, which represents a concerted ef for t  by research and management per- 
sonnel as  well as by interested pub1 i c  and industry representatives. I t  i s  
important to note here that  the primary c r i t e r i a  of th i s  strategy, those which 
define stock condition categories and constitute the basis f o r  calculating harvest 
levels are obtained from studies conducted by the shrimp research s t a f f .  

Analyses of stock condition are dependent upon three long term historical data 
bases: C / E ,  indexing of stock abundance, and size/age composition analyses of 
commercial and research catches. These three data bases, a1 though obtained inde- 
pendently, are  closely related and interdependent indicators of stock condition. 

Data on C/E are obtained from the commercial f l e e t  through a voluntary trawl log- 
book program and are designed to monitor density of major stocks over time in 
terms of pounds caught per hour trawled. The stock density parameters provided 
by these data, while standardized and direct ly  comparable, are  not intended to  
represent total  stock magnitude as  are stock abundance, indices; rather,  they 
provide a convenient and long term monitor of f l e e t  success on commercially u t i -  
l ized stocks. In view of certain density dependent factors ,  however, direct  
interpretation of C / E  data must be approached with caution. These considerations 
are discussed by Jackson (1 980). Nevertheless, the existing C/E data base avail - 
able by time and area since 1967 provide an excellent indicator of stock condition 
and an in-season management tool. 

The most recently in i t ia ted  aspect of the shrimp research program i s  the assess- 
ment of stock abundance through resource surveys using trawls. As opposed to  C/E 
data which provide indices of stock density, stock assessment surveys provide 
continuing indices of total  abundance which can be directly compared between sea- 
sons and areas. The data base on stock assessment i s  available since 1971, 
although that  obtained since 1975 incorporates improved methodologiss and proce- 
dures. In addition to  monitoring total  abundance, these surveys yield data on 
s ize composition, an essential parameter for  analyzing stock condition. Analyses 
of s ize composition data provides insight into the mechanisms responsible for  
f 1 uctuations seen in total  abundance which may in t u r n  suggest the optimum manage- 
ment approaches to  best maintain or improve stock condition. 

The fluctuations and interrelationships seen i n  these three data sources, espec- 
i a l ly  during the l a s t  three seasons, warrants the i r  detailed discussion. The 
objective of this  discussion i s  twofold: f i r s t  t o  attempt an explanation of the 
mechanism behind the pronounced declines i n  shrimp stock abundance throughout the 
Westward Region; and second, to  present and discuss shrimp research findings and  
resul ts  during the l a s t  two seasons. This discussion considers each data type 
separately and discusses overall s imi lar i t ies  and differences between d i s t r i c t s  



and individual f i sh ing  sections. While emphasis will be placed on the l a s t  
two f i sh ing  seasons, the en t i r e  data bases f o r  the Chignik, Alaska Peninsula, 
and Aleutian D i s t r i c t s  wil l  be presented t o  f a c i l i t a t e  discussion a s  they have 
not previously been reported. 

Catch-Per-Effort Study 

The ongoing C / E  study was i n i t i a t ed  in 1968 and i s  the shrimp research program's 
most long standing f ace t  of work. The data base derived from t h i s  study consis ts  
of a s e r i e s  of d i r ec t l y  comparable stock density indices based on commercial f i s h -  
ing e f f o r t ,  and should not be confused w i t h  the stock abundance indices from trawl 
survys which a r e  more d i rec t ly  re la ted t o  to ta l  standing stock. The C/E data 
derived from the  commercial f l e e t  via trawl logbooks include locat ion,  depth, and 
duration a s  well a s  gear type and s i ze  f o r  each tow made. These data a r e  entered 
d i rec t ly  from the edited fishermen's log in to  the  permanent data f i l e .  The time- 
intensive aspect  of t h i s  study i s  so l i c i t i ng  fisherman par t ic ipat ion a s  well a s  
obtaining and edi t ing completed logbooks. As mentioned e a r l i e r  i n  t h i s  repor t ,  
the  need f o r  and subsequent development of standardization of raw C/E data stemmed 
from the evolution to  l a rger ,  more e f f i c i e n t  vessels and gear types i n  the  ear ly  
1970's. This change i n  gear type and vessel efficiency precluded the  ab i l  i t y  t o  
d i r ec t l y  compare unstandardized C/E data between seasons and areas.  Detailed 
discussions and evaluations of the 1 ogbook program and the data standardization 
procedures a r e  discussed by Jackson (1 980, 1981 ) and Miller and Gaffney (1979). 

Data on C/E were obtained from 1,166 and 2,406 individual tows during the 1981-82 
and 1982-83 seasons, respectively. This sample represents 2,813 and 5,963 trawl 
hours of f i sh ing  in each of these respective seasons. The approximately 6.1 
mill ion 1 b (2,773 mt) t o t a l  catch recorded i n  trawl logbooks during the 1982-83 
season (Table 3) represents 57% of the  10.7 million 1b (4,864 mt) regional catch 
(Table 1 ) .  The proportion of the  1982-83 seasonal catch from the region logged 
(57%) i s  nearly double the 31% logged in the  1981-82 season. The 1982-83 seasonal 
C/E values fo r  a l l  d i s t r i c t s  combined of 1,016 l b  (461 kg) per trawl hour (Table 
3) is  42% and 43% of the seasonal C/E r a t e s  i n  1980-81 and 1981 -82 seasons, res-  
pecti vely. 

The highest d is t r ic t -wide C / E  r a t e s  during the  1981-82 and 1982-83 seasons were 
i n  Kodiak a t  2,379 and 1,039 1b (1,079 and 471 kg) per hour, respectively (Table 
3). These 1981-82 and 1982-83 C/E r a t e s  were followed by those i n  the  Aleutian 
Dis t r i c t  a t  2,074 and 759 Ib (941 and 344 kg) per hour, and the  Chignik D i s t r i c t  
a t  200 and 60 1b (91 and 27 kg) per hour, respectively.  As the  Alaska Peninsula 
D i s t r i c t  has been closed to  commercial shrimp trawling during the l a s t  three  
seasons because of continued low abundance leve l s ,  C/E  data f o r  t h i s  d i s t r i c t  
during these seasons do not ex i s t .  Sections open t o  trawling i n  the  Chignik Dis- 
t r i c t  during the l a s t  two seasons were l imited to  the  Chiginagak, Nakal i lok ,  and 
Aniakchak Bay grounds where e f f o r t  was minimal and largely  unsuccessful. Effort  
i n  the Aleutian D i s t r i c t  has been by only two vessels and confined primarily t o  
Makushin Bay (Table 3) .  

The highest 1982-83 seasonal C/E  r a t e  i s  the  Westward Region was i n  the  Chiniak 
Bay section a t  2,637 1 b (1,196 kg) per hour (Table 3 ) .  The Chiniak Bay f ishery 
during the  l a s t  two seasons has been characterized by intense e f f o r t  in an approxi- 
mate 5 square mile f ishing area.  The 1982-83 Chiniak Bay f ishery occurred i n  June, 



Table 3. Seasonal unstandardized C/E r a t e s  by shrimp f i s h i n g  sec t i on  i n  the  Westward Region f o r  t he  1980-81 
through 1982-83 seasons. Catch-per -un i t -e f fo r t  r a t e s  shown i n  pounds per  t r aw l  hour. 

F i sh ins  Season 
1980-81 1981 -82 1982-83 

F i sh ing  Sect ion Tows Lbs Hrs C/E Tows Lbs Hrs C/E Tows Lbs Hrs CIE 

Nor th  Afognakl 
Chin iak Bay 
Uga k Bay 
Twoheaded I s l a n d  
Olga Bay 
A l i t a k  Bay 
A l i t a k  F l a t s  
Uyak Bay 
West Afognak3 
Kukak Bay 
Nor th  Shel ikof l  
South She1 i kof2 
Wide ~ a y ~  

I. Ugani k Bay 
Viekoda Bay 
Inner  Marmot 

Subtota l  s 

K u j u l i k  Bay 219 2,212,816 464 4,769 CL CL 
Chignik  Bay 359 1,990,667 763 2,609 CL CL 
Kuiukta Bay 2 11,550 3 3,850 CL CL 
Sutwi k I s 1  and6 2 2 87,110 72 1,405 1 - 0 2 - - 0 
P o r t  Wrangell 149 1,364,794 293 4,658 1 200 1 200 5 150 2.5 60 

Subtota l  s 751 5,666,937 1,585 3,575 2 200 1 200 7 150 2.5 60 

Usof Bay 86 323,628 181 1,788 5 12,648 8 1,581 1 - - 0 
Makushin Bay 384 1 ,957,340 682 2,870 80 337,783 149 2,267 167 369,889 481 769 
Unalaska Bay 90 333,394 178 1,873 10 24,936 24 1,039 4 1,432 8 179 

Subtota 1 s 560 2,614,362 1,041 2,511 95 375,367 181 2,074 172 371,321 489 759 

GRAND TOTALS 3,286 17,539,847 7,289 2,406 1,166 6,636,029 2,813 2,359 2,406 6,059,279 5,963 1,016 



Table 3. Seasonal unstandardized C/E ra tes  by shrimp f i s h i n g  sect ion i n  the  Westward Region f o r  the 1980-81 
through 1982-83 seasons. Catch-per-unit-effort  r a t e s  shown i n  pounds per t r a w l  hour (continued). 

NL - No logs  

CL - Closed 

Northern She l i ko f  S t r a i t  area, n o t  i n c l u d i n g  mainland shorel ine,  b u t  i nc lud ing  west shorel ine of 
Afognak Is land.  Not an establ ished shrimp f i s h i n g  sect ion. 

Centra l  o f f sho re  She l i ko f  S t r a i t  area. Not an es tab l ished shrimp f i s h i n g  sect ion.  
3 Cur rent ly  open - t o t a l s  inc lude up t o  11/82 f o r  the  1982-83 season. 

Cur rent ly  c losed pending t e s t  f i she ry  - t o t a l s  inc lude up t o  11/82 f o r  the 1982-83 season. 

Offshore Chignik D i s t r i c t  opened 28 J u l y  - 14 February. 

Sutwi k  sec t i on  d i v ided  i n t o  th ree new sect ions - Chiginagak, Nakal il ok, and Aniakchak Bays, A p r i l ,  1981. 
I 



l as ted  on ly  5 days, was comonly  u t i l i z e d  by as many as 12 vessels simultaneously, 
and y i e l d e d  1.38 m i l l i o n  1b (627 mt).  The second h ighest  1982-83 seasonal C/E 
r a t e  was i n  Olga Bay of 1,547 1 b (703 kg) per hour. This  f i she ry  was u t i l  i z e d  
by 10 vessels and was character ized by h igh l y  v a r i a b l e  C/E r a t e s  ranging f rom 
700 t o  2,100 1b (317 t o  952 kg) per  hour, and closed a f t e r  a harvest  o f  0.94 
m i l l i o n  1b (427 mt) was obtained. The t h i r d  and f o u r t h  h ighes t  C/E r a t e s  du r ing  
the 1982-83 season were i n  Wide and A l i t a k  Bays, respect ive ly .  The Wide Bay 
f i she ry  was character ized by h igh  incidences (80% - 90%) o f  1-year-old shrimp 
and was closed e a r l y  f o r  t h i s  reason. A l i t a k  Bay, on the  o ther  hand, performed 
more poo r l y  than expected based on the pre-season survey. I n  s p i t e  o f  the  con- 
t i n u i n g  low C/E ra tes ,  the  season remained open f rom 15 June through 31 J u l y  a t  
which t ime the  3.7 m i l l i o n  1b (1,682 mt) harvest  l e v e l  was obtained. 

The changing nature  o f  the  Westward Region f i s h e r y  r e s u l t i n g  from the  dec l ines  
i n  o v e r a l l  shrimp abundance appears t o  have a f f e c t e d  the  comparabil i t y  o f  C/E 
data. Th is  change i s  due l a r g e l y  t o  the  1 im i ted  number o f  areas being opened 
t o  f i s h i n g  and t h e i r  r e l a t i v e l y  modest harvest  l e v e l s .  The r e s u l t i n g  in tense 
compet i t ion and f i s h i n g  pressure du r ing  these openings have r e s u l t e d  i n  a "pulse" 
f i s h i n g  s i t u a t i o n .  I t  i s  doubt fu l  t h a t  e i t h e r  standardized o r  unstandardized 
C/E generated f rom t h i s  type o f  f i s h e r y  a r e  v a l i d  o r  d i r e c t l y  comparable w i t h  
those i n  e a r l i e r  more s tab le  periods. A1 though the  logbook program has and w i l l  
continue, the  C/E data generated du r ing  the  l a s t  two seasons i s  considered t o  
have l i m i t e d  value. It appears t h a t  these data a re  most va luable as a management 
t o o l  t o  answer in-season quest ions and t o  p rov ide  a veh ic le  f o r  ma in ta in ing  con- 
t a c t  and p u b l i c  r e l a t i o n s  w i t h  the commercial f l e e t .  

Shrimp Stock Assessment Surveys 

The pr imary o b j e c t i v e  of s tock  assessment surveys i s  t o  p rov ide  a con t i nu ing  
base o f  d i r e c t l y  comparable seasonal abundance i nd i ces  f o r  major stocks. These 
ind ices  prov ide  one of the  th ree  pr imary data sources from which stock c o n d i t i o n  
i s  determined. The present  r a t i o n a l e  and methodologies f o r  t h i s  stock assessment 
remain e s s e n t i a l l y  unchanged from those described by Gaffney (1 978), and Jackson 
(1975), the  on ly  except ion being t h a t  c e r t a i n  on-board procedures have been modi- 
f i e d  f o r  increased e f f i c iency .  Survey approach i s  based on the premise t h a t  the  
shrimp concentrat ions found on the  var ious major grounds (e.g., Twoheaded Is land,  
Chignik Bay) a r e  independent stocks which remain i n t a c t  between seasons and do 
n o t  migra te  between grounds. The t o t a l  area i nhab i ted  seasonal ly by a l l  p o r t i o n s  
of each stock (as determined from p r i o r  s tud ies  o f  d i s t r i b u t i o n  and s i z e  composi- 
t i o n )  i s  def ined, then overlayed w i t h  a standardized sampling g r i d  t o  pe rm i t  
unbiased s t a t i o n  se lec t ion .  Sampling cons i s t s  o f  a ser ies  o f  s t r a i g h t  l i n e  1-mi le 
(1.6 km) tows i n  each f i s h i n g  sec t ion  se lec ted  on a random-systematic basis.  
Standardized gear and towing procedures a r e  used t o  insure  constant  f i s h i n g  power t 

and comparab i l i t y  of r e s u l t s .  Abundance i nd i ces  are  ca l cu la ted  us ing  an area- 
swept technique. Minimum sampling i n t e n s i t y  i s  one tow per  f o u r  square n a u t i c a l  
m i l es  (6.4 km2) as t h i s  l e v e l  usua l l y  r e s u l t s  i n  percentage e r r o r s  around e s t i -  
mated means no greater  than the  des i red  + 25% a t  the  80% confidence i n t e r v a l .  It 
i s  essen t i a l  i n  eva lua t ing  these est imates t o  recognize t h a t  they a re  i nd i ces  
r a t h e r  than absolute measures of t o t a l  abundance. This  i s  due t o  two pr imary 
reasons. F i r s t ,  the f a c t  t h a t  ind ices  are  ca lcu la ted  on a t raw l  e f f i c i ency  fac-  
t o r  o f  1.0 r e s u l t s  i n  t h e i r  being l e s s  than the  ac tua l  s tock abundance. Th is  i s  
because some shrimp, e s p e c i a l l y  smal ler  i nd i v idua ls ,  escape through the  meshes 
and because a t  t imes the  v e r t i c a l  he igh t  o f  some shrimp o f f  t he  bottom i s  g rea te r  



than that  of the trawl. Unfortunately, the true efficiency factor ,  whatever i t  
i s ,  i s  not constant, thus creating an inherent error  source. Second, the f ac t  
that  surveys can only cover those portions of the area which are trawlable, 
resul ts  in estimates being biased downward. This i s  because the mean catch 
rates are  not expanded into these untrawlable areas when calculating abundance 
indices. Studies directed a t  determining the precise magnitude that  stock 
assessment surveys underestimate actual stock s ize are  presently underway. So 
long as survey approach and methodology remain constant, however, the f ac t  that  
these estimates are  actually indices of the absolute abundance should make l i t t l e  
difference in evaluating stock condition so long as they are recognized as indices 
and interpreted accordingly. 

Shrimp stock assessment surveys in the Westward Region have constituted a major 
program function since the i r  inst i tut ion in 1971. Since that  time th i s  work has 
comprised a major financial expenditure and, especially during the l a s t  two 
seasons, has been the program's most controversial function. This controversy 
i s  due largely to the f ac t  that abundance indices (trawl surveys) are  used direct ly  
to  determine harvest level s. The techniques and procedures u t i l  ized t o  generate 
abundabce indices were ini t ia ted and developed in the Kodiak Dis t r ic t ,  then 
expanded to major grounds of the Chignik Distr ic t  in 1974. In addition, the 
Nati~npl  Marine Fisheries Servi ce (!JMFS) through cooperative agreement, has con- 
ducted comparable trawl surveys of major A1 aska Peninsula Dis t r ic t  grounds from 
1971 through 1980. 

Intensity of stock assessment e f fo r t  in most areas consists of pre- and post- 
season surveys conducted i n  the 15 May - 15 June and 15 August - 15 September 
periods, respectively. This schedule enables assessment of recruitment, carry- 
over of post-recruit age classes,  and the effects  of fishing as  well as growth 
rate  and mortality. Survey intensity prior t o  1979 i n  the Kodiak Dis t r ic t  was 
higher because of bet ter  vessel avai labi l i ty .  Tabulation of a l l  Westward Region 
stock assessment surveys by month, year, and fishing section through 1981 i s  
shown jn the Westward Region Shellfish Report t o  the Board of Fisheries, March 
1982 (fiDF&G 1982). 

Shrimp stock assessment e f fo r t  in 1981-82 and 1982-83 seasons consisted of 962 
individual tows in 32 fishing sections (Appendix Table 1 ) .  The total  survey 
ef for t  i n  1982-83 (435 tows) was 17% less  than the 527 tows made in 1981-82. 
This d ~ c l  ine i s  a resu l t  of par t ia l  assessment of the Chigni k and Alaska Peninsula 
Distr ic ts  in the f a l l  of 1982 because of the unavailability of the s t a t e  vessel 
(Appendix Table 1 ) .  

Between-season comparisons of successive spring and f a l l  abundance indices in 
major fishing sections from spring 1975 through f a l l  1982 show the decline in 
overall stock abundance in a1 1 sections surveyed to have continued through 1982. 
As in post-seasons , the between-season comparisons a re  made independently for  
spring and fa11 survey periods because of character is t ic  abundance differences. 
With tbe minor exception of Chignik Bay, the indices obtained in 1982 were among 
the lowest i n  survey history. The f a l l  1982 Chignik Bay abundance index of 1.15 
million 1b (522 mt) exceeds only s l ight ly the historical low of 0.96 million 1b 
(436 mt) s e t  in the fa1 1 of 1981. An unusual resu l t  of the 1982-83 season surveys 
i s  the f a c t  that  spring abundance indices i n  a11 sections fished exceeded those 
i n  the f a l l  (Figure 3 ) .  I t  is of interest  t o  note, however, that  the f a l l  1982 
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Figure 3. Spring and f a l l  shrimp stock abundance indices from major fishing 
sections of the Westward Region, 1975-1 982. 



abundance i nd i ces  i n  approximately one-half o f  the  minor p roduct ion  areas sur- 
veyed and were closed t o  f i sh ing ,  exceeded those i n  the spr ing  (Appendix Table 
1).  

The f a c t  t h a t  spr ing  1982 abundance i nd i ces  i n  a11 major sect ions f i shed u n i -  
fo rmly  exceeded those i n  t he  f a l l  i s  unusual from two standpoints. F i r s t ,  
review of h i s t o r i c a l  abundance i nd i ces  from major areas shows f a l l  i nd i ces  a re  
normal ly  greater  than those i n  t he  spr ing.  Only i n  1982 have sp r ing  i nd i ces  i n  
a  s i g n i f i c a n t  number o f  sect ions exceeded those i n  t he  f a l l .  Second, h igher  
i nd i ces  i n  the  fa11 would normal ly  be expected as the  shrimp a t  t h i s  t ime a r e  
genera l l y  l a r g e r  because of the  s u m r  pe r iod  o f  r a p i d  growth. Th i s  r e s u l t s  i n  
the younger ( p r i m a r i l y  l -year -o ld )  age groups i n  the f a l l  being l a r g e r  and more 
vulnerable t o  t r a w l s  than i n  the  spr ing.  Moreover, t h e  abundance of a l l  age 
groups appears t o  be normal ly  g rea ter  i n  the  f a l l ,  due probably t o  seasonal d i s -  
t r i b u t i o n  cyc les  which are  poo r l y  understood a t  t h i s  t ime. Because f a l l  i nd i ces  
exceed those i n  the spr ing,  the  stock cond i t i on  categor ies and seasonal harvest  
l eve l s ,  described l a t e r  i n  t h i s  r e p o r t  under the  shrimp management s t ra tegy ,  
a re  based on them. The staf f  has a1 so proposed f o r  the  l a s t  2  years t h a t  the  
Alaska Board of F isher ies  (BOF) adopt a  shrimp season opening of 1  September 
r a t h e r  than 15 June (ADF&G 1982). 

A  second data source der ived from shrimp stock assessment surveys i s  t h e  composite 
s i z e  (age) frequency d i s t r i b u t i o n s  from each stock surveyed. These data a re  used 
t o  determine year  c lass  success as we l l  as m o r t a l i t y  and recru i tment  ra tes .  Eva1 - 
ua t i on  o f  f l u c t u a t i o n s  i n  the  abundance o f  successive age groups i s  essent ia l  i n  
managing shrimp stocks as i t  provides i n s i g h t  i n t o  the  mechanisms i n f l u e n c i n g  
abundance. As maintenance of a  reasonably balanced age s t r u c t u r e  i s  probably 
essent ia l  f o r  s tock s t a b i l i t y ,  continuous mon i to r ing  o f  these parameters i s  an 
i n t e g r a l  p a r t  of s tock  assessment and the  e x i s t i n g  management s t ra tegy .  A problem 
i n i t i a l l y  encountered w i t h  u t i l i z i n g  these data, however, was development of a  
sampl i n g  p lan  which would produce representa t ive  sampl es from the  necessar i l y  
l a r g e  volume of data i n  a  r a p i d  and e f f i c i e n t  manner. I n  view o f  the  l a b o r  and 
t ime in tens i ve  nature of shrimp sampling, achievement of these goals requ i red  
considerable p lann ing  and experimentat ion. 

Several methods o f  ob ta in ing  complete and v a l i d  composite ca tch  samples were t r i e d  
du r ing  t h e  e a r l y  19701s, b u t  most proved t o  be cumbersome i n  l i g h t  of the  requ i red  
h igh  number o f  observat ions and degree o f  data organ iza t ion  requi red.  Present ly  
two compl imentary procedures a re  used simultaneously. The f i r s t  procedure pre- 
scr ibes p h y s i c a l l y  combining a  constant p ropo r t i on  of each h a u l ' s  ca tch  i n t o  a  
composite. A subsample of t h i s  composite i s  then ex t rac ted  fo r  l abo ra to ry  de ter -  
minat ion o f  l eng th  and sex frequency. A d d i t i o n a l l y ,  a  f i x e d  number o f  shrimp 
(300) a r e  randomly measured from each tow aboard the  vessel. Through the  use sf  
a computer rou t ine ,  t he  s i z e  frequency d i s t r i b u t i o n  f rom the  i n d i v i d u a l  tows made 
w i t h i n  each stock a re  mathematical ly weighted by ca tch  weight and d is tance i n t o  
an o v e r a l l  average d i s t r i b u t i o n .  Th is  prov ides a  h igh  volume unsexed sample, 
p e r m i t t i n g  b e t t e r  age group d e f i n i t i o n  y e t  preserves the  i n t e g r i t y  of the  i n d i v i -  
dual tow parameters. The r e s u l t i n g  d i s t r i b u t i o n s  a re  p r i n t e d  ou t  as p a r t  o f  the  
r o u t i n e  computer ou tpu t  and have proven t o  be inst rumenta l  i n  f a c i l i t a t i n g  s i z e  
frequency analyses. 

Stock c o n d i t i o n  i s  evaluated by comparing abundance t rends o f  i n d i v i d u a l  age 
groups w i t h i n  and between f i s h i n g  seasons over the des i red  t ime spans. Th is  i s  



normally done by comparing abundance of each age group between fishing seasons, 
or between season comparisons of the proportion of the total  abundance comprised 
by each age group. As with stock abundance indices, between year comparisons of 
age group abundance are  normally made between similar months so as  to  avoid the 
influence of character is t ic  spring-fall abundance differences. All age composi- 
tion data obtained from stock assessment surveys conducted since 1974 have been 
composi ted in t h i s  manner. 

The technique described above for  mathematically combining and sumnari zing s ize 
frequency data has three d is t inc t  advantages. First, i t  yields the necessary 
large vol urn sample s ize f o r  construction of accurate length frequency profiles.  
Second, i t  presents the data i n  a manner which permits determination of age compo- 
s i t ion  on absolute (number of shrimp per mile trawled) as we1 1 as  relat ive (per- 
centage) bases. This permi t s  direct  between-survey comparisons of abundance 
indices. The third advantage i s  the rapidity in which size composition analyses 
can be prepared following surveys; t h i s  i s  often essential i n  order to  f a c i l i t a t e  
management decisions. A detail  ed discussion of  t h i s  sampl ing  procedure i s  incl uded 
in Jackson (1980). 

Age group delineations a re  based primarily on the s ize ranges occupied by each 
cohort seen in plotted length frequency distributions.  Delineation of age groups 
often requires inspection of the individual tow frequencies as  certain age group 
boundaries may be indis t inct  within overall average distributions.  Determination 
of sexual s t a t e  i s  also of assistance when available. Availability of the sexual 
s t a t e  as  well as length parameters considerably increases the precision w i t h  which 
the s ize ranges occupied by individual age groups can be determined. A computer 
routine i s  presently being perfected through which the frequencies from the lower 
volume but highly labor-intensive size-sex distributions can be mathematically 
integrated with the high volume unsexed samples on a routine basis. Perfection 
of t h i s  program should significantly increase the efficiency and precision w i t h  
which age analyses can be made. 

Age group determinations a re  based on the abundance (shrimp per mile trawled) of 
shrimp fa l l ing  into the following approximate siselage groupings: 0+ ( less  than 
9 mm carapace length); 1+ ( 9  mrn through 10 mrn carapace length); 2+ (11 mm through 
14 mm carapace length); 3+ and older (1 5 mm and larger) .  The s ize  ranges given 
for  each age group are  approximate, and are determined independently from each 
composite length frequency profi le  analyzed. The actual age ranges associated 
w i t h  these age group designations are:  0+ ( less  than 12 months of age); 1+ (12 
months through 23 months of age) ; 2+ (24 through 35 months of age) ; and 3+ and 
older (greater than 35 months of age). 

While comparisons between consecutive spring and fa1 1 size/age composition pro- 
f i l e s  show several minor trends, the most obvious is the simultaneous and pro- 
nounced declines i n  the abundance of a l l  s ize  groups i n  1981 and 1982 (Table 4, 
Figure 4 ) .  While declines of similar magnitude were not uncommon fo r  isolated 
age groups prior to  1980, they are  usually accompanied by more substantial abun- 
dances of other age groups. These isolated declines in ea r l i e r  years, i n  most 
cases, probably resulted from fluctuating recruitment levels. Only in the l a s t  
two seasons have the simultaneous abundance declines of  a11 age groups been so 
apparent. 



Table 4. Abundance of major s i z e  (age)  groups of pink shrimp (Pandalus borealis) 
i n  major f i s h i n g  s e c t i o n s  of t h e  Westward Region a s  determined by ca t ch  
samples obtained during s tock  assessment surveys from sp r ing  1974 through 
f a l l  1982. 

F ish inq  
Age Group 

Season O+ 1+ 2+ 3+** - 
Sec t ion  Year (MO. -Day) % Shr./mi. % Shr./mi. % Shr./mi. - g Shr./ml - 

Kals in  Bay 1979 F a l l  (10-11) 0 74.3 53,373 9.4 6,766 16.3 11,749 
1980 Spr ing  (5-2) - 0 2.1 1,775 85.5 73,465 12.4 10,659 
1980 F a l l  (9-2) - 0 6.0 5,009 36.4 30,202 57.6 47,842 
1981 Spr ing  (5-9) - 0 6.5 7,068 27.0 29,167 66.5 71,988 
1981 F a l l  (9-3) 1 .0  2,206 30.8 65,778 29.8 63,794 38.4 82,085 
1982 Spring (5-11) - 0 28.5 40,893 37.9 54,384 33.6 48,297 
1982 F a l l  (9-6) 1 .0  124 28.9 3,781 41.5 5,422 28.6 3,740 

Ugak Bay 1974 
1975 
1976 
1977 
1978 

1 
1979 
1980 
1980 
1981 
1981 
1982 
1982 

Twoheaded Is . 

A l i t a k  Bay 

F a l l  (8-6) 
F a l l  (8-6) 
F a l l  (9-3) 
F a l l  (8-30) 
F a l l  (9-4) 
F a l l  (10-26) 
Spring (5-3) 
F a l l  (8-22) 
Spring (5-10) 
F a l l  (9-5) 
Spring (5-82) 
F a l l  (9-82) 

Spr ing  (7-1) 
F a l l  (8-28) 
F a l l  (8-2) 
Spr ing  (7-29) 
F a l l  (9-8) 
Spr ing  (5-8) 
F a l l  (8-27) 
Spr ing  (5-14) 
F a l l  (9-8) 
Spr ing  (5-18) 
F a l l  (9-1) 

Spring (5-10) 
F a l l  (8-3) 
Spr ing  (6-30) 
F a l l  (8-29) 
F a l l  (8-28) 
Spring (5-15) 
F a l l  (9-7) 
Spring (5-12) 
F a l l  (8-30) 
Spring (5-18) 
F a l l  (9-12) 
Spring (6-5) 
F a l l  (8-28) 



Table 4 .  Abundance o f  major s i z e  (age) groups o f  pink shrimp (Pandalus borealis) 
i n  major f ish ing  sections o f  the Westward Region as determined by catch 
samples obtained during stock assessment surveys from spring 1974 through 
fa1 1 1982 (continued). 

--- -- - -- 
Age Group - 

Fishing Season O+ 1+ 2+ 3+** 
Sect ion -- Year (No.-Day) % S r m  % Shr./rni. % h i  % Shr./mi. 

Wide Bay 1979 
1979 
1980 
1980 
1981 
1981 
1982 
1982 

Kujulik Bay 

Chignik Bay 1974 
1975 
1976 
1977 
1978 
1979 
1979 
1980 
1980 
1981 
1981 
1982 
1982 

Spring (5-19) 1 . 7  
F a l l  (8-31) 
Spring (6-12) 0 .1  
F a l l  (9-15) 
Spring (5-26) 
F a l l  (9-18) 
Spring (6-7) 
F a l l  (9-21) 1.1 

Spring (5-28) 
Spring (7-4) 
Spring (6-3) 
Spring (5-24) 
F a l l  (8-20) 
Spring (5-23) 
F a l l  (8-29) 
Spring (5-28) 
F a l l  (9-9) 
Spring (5-30) 
F a l l  (9-14) 
Spring (5-14) 
F a l l  (9-19) 

Spring (6-1) 
Spring (7-5) 
Spring (6-4) 
Spring (5-26) 
F a l l  (8-20) 
Spring (5-25) 
F a l l  (8-27) 
Spring (5-27) 
F a l l  (9-7) 
Spring (6-1) 
F a l l  (9-12) 
Spring (5-30) 
F a l l  (9-14) 

Stepovak Bay 1980 Spr ing  (6-80) 
1981  Spring (5-31) 
1981  F a l l  (9-7) 
1982 Spring (5-23) 

Balboa-Unga 1980 F a l l  (8-25) 12 .1  137 6.0 69 81.9 931 
1981 F a l l  (9-10) 64.4 2,739 4.3 182 31.3 1 , 3 3 0  
1982 Spring (5-21) 31.7 2,284 10.3  742 58.0 4 ,176 



Tab1 e 4 .  Abundance of major s i z e  (age) groups o f  pink shrimp (Pandalus borealis) 
i n  major f ishing sections of the  Westward Region as determined by catch 
samples obtained during stock assessment surveys from spring 1974 through 
fa1 1 1982 (continued) . 

- 
-- Age Group 

F i s h i n g  Season O+ 1+ 2+ 3+* * 
Section Year (Mo. -Day) % ~ h r . / Z .  % Shr./mi. % Shr./mi. % Shr./mi- -- 

Pavlof Bay 1980 Spring (6-4) 1.9 30 69.0 1,070 22.0 452 
1980 Fall (8-24) 27.9 5,023 19.9 3,580 19.1 3,434 33.1 5,953 
1981 Spring (5-24) 18.7 5,648 14.8 4,462 66.5 201061 
1982 Spring (5-19) 37.6 1,225 32.5 1,059 29.9 972 

** Includes the 3+ and o lder  age groups. 
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Figure 4. Successive abundance o f  major age groups o f  p i n k  shrimp (Pandalus 
borealis) by month and year  i n  major f i s h i n g  sec t ions  o f  t he  West- 
ward Region as determined f rom shrimp s tock  assessment surveys f rom 
s p r i n g  1979 through fa1 1 1982. 



The decl ines in abundance of a1 1 age groups i s  typified i n  the C h i g n i k  and 
Kujul i k Bay sections, and best seen through between-year comparisons of the i r  
individual strengths. Visual inspection of the successive spring and f a l l  
s ize  frequency profiles in Chignik and Kujul ik Bays (Figures 5 and 6) shows 
three d is t inc t  size cohorts. Evaluation of the strength of similar s ize cohorts 
in these sections in successive years between 1979 and 1982 ( in  terms of number 
of shrimp per mile trawled) shows to significant trends. F i rs t ,  the strength 
of individual cohorts i s  seen to  decrease progressively and generally most 
marked between 1980 and 1981. Based on f a l l  surveys, the catch per mile fo r  a l l  
cohorts combined in Chignik Bay declined from 219,264 i n  1980 to 12,271 in 1981, 
a decline of 94% (Table 5 ) .  This was accompanied by a similar decline (74%) in 
Kujulik Bay (Table 5 ) .  The second significant trend i s  that  these declines 
occurred simultaneously i n  a l l  cohorts with no radical fluctuations seen in the 
percentage contributions of a given cohort i n  successive year 's  distributions.  
The proportion of successive distributions occupied by each cohort i s  also seen 
to differ  between spring and f a l l  because of characteristic seasonal differences 
in catchabil i t y  and abundance (Figures 5 and 6) .  

The simultaneous declines seen i n  the abundance of each cohort coupled w i t h  the 
relatively consistent proportion of successive distributions occupied by each, 
suggests a mortality factor which i s  not size-selective. This contrasts with a 
size selective mortality factor which affects  only individual age groups rather 
than a1 1 age groups simultaneously. Increased mortality of only the larval or 
juvenile portion of the stock, fo r  example, would resu l t  i n i t i a l l y  i n  reduced 
recruitment, and the affected year class would remain weak as i t  passed through 
the fishery. Over-exploitation, on the other hand, would tend to  have the 
greatest effect  on the abundance of the older age cohorts i n i t i a l l y  as they are  
more susceptible to trawls because of their  larger size. Neither of these mor- 
t a l i t y  sources would be expected t o  a f fec t  the abundance of a11 s ize cohorts 
relatively equally as appears to  be the case here. 

The simultaneous abundance declines of a l l  s ize  cohorts of shrimp has coincided 
with an increasing abundance of Pacific cod (Gadus macrocephalus) and walleye 
pollock (Theragra chalcogramma) as determined from stock assessment survey catches. 
This increased incidental f i sh  catch and the corresponding decline in shrimp 
abundance can be seen i n  Figure 7. Even cursory inspection of these data show 
three important consistencies between the eight major stocks. 

F i rs t ,  catch rates  for  shrimp since 1980 have bcome progressive7 y smal l e r  
while catches for  incidental f i sh  have progressively increased. Second, the 
1982 catch rates  for  incidental f i sh  groups in a l l  major stocks except Wide Bay 
exceed those fo r  shrimp. Although the 1982 catch rates  fo r  shrimp i n  Wide Bay 
s l ight ly exceed those of a progressive 3-year decline (Figure 7 ) .  The third 
consistency i s  that the catch rates  for  shrimp in 7982 were consistently the 
lowest i n  the history of the shrimp stock assessment program. 

Shrimp Management Strategy 

The existing strategy for  surveyed stocks i s  based on two thresholds of abundance 
which are  established individually for  each. Harvest ra tes  are based on the 
relationship of abundance indices to  these two abundance thresholds. The f i r s t  
of these, referred to  as  the "Representative Biomass Index" (RBI), i s  the mean 



Table 5. Abundance and p ropo r t i on  comprised by each age cohor t  of p i n k  shrimp (Pandalus borealis) i n  composite 
ca tch  samples from successive sp r i ng  and f a l l  shrimp stock assessment surveys o f  Chignik and K u j u l i k  
Bays, 1 979-1 982. 

YEAR 
1979 1980 19R1 19R7 - - - -  - - - -- 

F i sh ing  A g e  S r i n  Fa1 1 S r i n  Fa1 1 Sp r i  n Fa1 1 Spr i n Fa1 1 
Sect ion Cohort1 No. % N o .  "% No. % No. 5 No. % No. '% No. % 

Chigni k 1 18,144 14.6 60,101 28.0 8,573 5.4 14,580 6.7 382 0.9 1,497 12.2 3,948 15.2 2.590 18.8 

3 38,430 31.0 67,568 31.4 89,054 56.6 79,447 36.2 32,036 75.5 5,777 47.1 18.799 72.4 9,038 65.6 

To ta l s  123,950 100.0 214,832 100.0 157,348 100.0 219,264 100.0 42,428 100.0 12,271 100.0 25,970 100.0 13,778 100.0 

K u j u l i k  1 63,312 13.0133,721 36.5 10,883 6.7 8,922 11.7 216 1.5 7,171 33.9 1,861 12.9 3.015 46.5 

2 202,209 41.5 177,465 48.4 89,298 55.2 44,906 58.6 4,538 32.2 5,326 25.1 9,656 67.1 316 4.9 

3 221,972 45.5 55,266 15.1 61,578 38.1 22,746 29.7 9.336 66.3 8,697 41.0 2,878 20.0 3.147 48.6 

To ta l s  487,493 100.0 366,452 100.0 161,759 100.0 76,574 100.0 14,090 100.0 21,194 100.0 14,395 100.0 6.478 100.0 

Designat ion o f  age cohor ts  

1. Predominantly t h e  1+ age group 

2. The 2+ and a p o r t i o n  o f  the  3+ age group 

3. 3+ and a l l  o l d e r  age groups 



CARAPACE LENGTH - P4M 

Figure 5. Seasonal s i z e  abundance p rof i l e s  of p i n k  shrimp ( P .  borealis) i n  
Chigni k Bay in 1979, 1980, 1981, and 1982 as  determined from trawl 
survey r e su l t s .  
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Figure 6. Seasonal s i z e  abundance p rof i l e s  of pink shrimp (P. borealis) i n  
Kujulik Bay i n  1979, 1980, 1981, and 1982 as  determined from trawl 
survey resul ts. 
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D. A l i t a k  B a y  
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Figure 7. Catch r a t e  of shrimp ( a l l  species)  a s  opposed t o  cod and pollock and 
other  incidenta l ly  caught f i s h  and she l l f i sh  species during shrimp 
stock assessment surveys i n  the  Westward Region, 1974-1 982. 



of individual f a l l  abundance indices obtained from each stock following the 
in i t i a l  comnercial developmental period b u t  prior to  any significant decline. 
In other words, the RBI i s  a threshold point a t  which abundance should reason- 
ably be expected to be maintained. The second of these threshold level s ,  
called the "minimum acceptable biomass index" (MABI), i s  simply 40% of the RBI. 
Past experience indicates that stocks reduced below t h i s  point are  slower to  
recover. This framework of RBI and WBI levels i s  used as a basis for  classify- 
ing each major stock into one of three condition categories. These categories 
are "heal thy", "recovering", and "severely depressed". A heal thy stock i s  one 
where the most recent abundance index i s  a t  or above the RBI. A recovering stock 
i s  characterized by the most recent abundance index being less  than the RBI, b u t  
a t ,  or above the MABI. Severely depressed stocks are  those with abundance indices 
below the MABI. 

The objectives of this strategy are  achieved by regulating harvest ra tes  on 
healthy stocks in a manner that  their  abundance remains constant or increases 
only modestly, w i t h  a l l  surplus production being harvestable. In order to  promote 
rebuilding, harvest ra tes  on recovering stocks are  reduced, while severely depressed 
stocks remain closed. Based on past experience w i t h  stock response t o  varying bio- 
s t a t i s t i ca l  exploitation rates ,  optimum harvest rates presently appear to  be zero 
percent for  severely depressed stocks, 20% to  30% for  recovering stocks, and 40% 
for  heal thy stocks. The foregoing rates  assume a normally balanced age composition. 
In the event of a severe age class imbalance, the strategy s t ipulates  that  harvest 
ra tes  fo r  heal thy and recovering stocks be decreased. 

Due to the wide abundance range encompassed by recovering stocks, harvest ra tes  on 
stocks within t h i s  category increase a s  abundance increases from the MABl t o  the 
RBI level. As stated ea r l i e r ,  the harvest ra te  f o r  recovery stocks increases from 
20% to 30% as the stock recovers from 40% to 100% of the M4BI level.  In order t o  
promote the desired incremental harvest ra te  increases, the strategy s t ipulates  
that  stocks w i t h  an abundance index of a t  leas t  40% b u t  less  than 70% of the RBI 
level w i t h  balanced age structure be harvested a t  20%; stocks w i t h  an abundance 
index of a t  least  70% b u t  l ess  than 100% of the RBI level and balanced age structure 
be harvested a t  30% of the abundance index. In the event age imbalance occurs, 
harvest rates on stocks w i t h  abundance indices between 40% and 70% of the RBI level 
are lowered to  15%, and those between 70% and 100% of the RBI a re  harvested a t  20%. 
When stocks recover to 100% of RBI they move into the "heal thy" category where 
they are  harvested a t  40% or 25%, depending on age structure. 

Following below i s  a formal outline detail ing stipulations and specifications of 
the existing shrimp management strategy presently in e f fec t  for  both surveyed and 
unsurveyed shrimp stocks of the Westward Region. 

I .  Surveyed Stocks 

A. Objectives 

Manage pandalid shrimp stocks in a manner so as to  obtain optimum yields 
from each. T h i s  i s  accomplished by harvesting healthy stocks a t  a higher 
ra te  than those in need of rebuilding. The overall goal will be to  
achieve maximum harvest without affecting reproductive potential .  



D e f i n i t i o n s  

Representative biomass index (RBI) : The mean of fa1 1 abundance 
indices,  unless otherwise speci f ied,  obtained from each stock 
fo l low ing the i n i t i a l  exp lora tory  phase, b u t  p r i o r  t o  any pro-  
nounced decl ine.  The RBI i s  an index of the  biomass l e v e l  judged 
optimum f o r  each stock. These values are der ived by examining 
the f i s h e r y  and survey h i s to ry ,  and choosing a ser ies  of fa1 1 index 
values obtained a f t e r  the i n i t i a l  pe r i od  of h igh product ion, bu t  
before any pronounced decl ine.  The RBI i s  the mean o f  the index 
values chosen. An a l t e r n a t i v e  method i s  used f o r  stocks which were 
n o t  surveyed dur ing the representa t ive  per iod.  This  approach en- 
t a i l s  expanding the  mean RBI dens i t i es  from areas where they are 
f i r m l y  establ ished i n t o  the  area encompassed by the stock i n  ques- 
t i o n .  

2. Minimum acceptable biomass index (MABI) : 40% o f  the RBI as defined 
i n  I.B.1. above. 

3. Harvest ra tes :  The p ropo r t i on  o f  an abundance index harvested i n  
a given f i s h i n g  per iod.  These ra tes  a r e  based on abundance i nd i ces  
obtained from surveys imnediate ly  preceding the f i s h i n g  pe r iod  i n  
quest ion. For example, the harvest  r a t e  f o r  a f i s h i n g  sec t ion  w i t h  
a pre-season abundance index o f  5.0 m i l l  i o n  1 b (2,273 mt) and com- 
merc ia l  catch dur ing  the  subsequent f i s h i n g  pe r iod  o f  2.0 m i l l i o n  
l b  (909 mt) would be 2.0 d i v ided  by 5.0, o r  .40. 

4. Harvest goal:  The commercial ca tch  a l l oca ted  dur ing  a s i n g l e  f i s h -  
i n g  per iod.  

5 .  Fish ing  per iod:  The t ime pe r iod  du r ing  which the  harvest  l e v e l  (as 
defined i n  I.B.4.) based on a s ing le  abundance index i s  obtained by 
the commercial f i s h e r y .  

6. B i o l o g i c a l  year :  1  A p r i l  of one year  through 31 March o f  the  next.  

7. Seasonal catch: The combined ca tch  from a f i s h i n g  sec t ion  made i n  
a l l  f i s h i n g  per iods w i t h i n  a s i n g l e  b i o l o g i c a l  year.  

8. F ish ing  sect ion:  Defined stock boundaries o f  S t a t i s t i c a l  Area J as 
described i n  5 AAC 31.505 of t h e  1982 Alaska Commercial S h e l l f i s h  
Regulations. 

C. S t ra tegy  C r i t e r i a  

1. Basic t o  t h i s  s t ra tegy  i s  an optimum l e v e l  o f  s tock abundance 
re fer red  t o  as the  Representat ive Biomass Index (RBI). This  l e v e l  
i s  def ined i n  Sect ion I.B.1. o f  t h i s  s t rategy.  The RBI's f o r  cer-  
t a i n  areas may be too  h igh  o r  t o o  low and a re  sub jec t  t o  reevalua- 
t i o n  i n  l i g h t  of recovery r a t e s  and f i s h e r y  performance i nd i ca to rs .  



2. A second abundance index l e v e l ,  based on the  RBI as def ined above, 
i s  used t o  de f ine  the  lower abundance l e v e l  a t  which f i s h i n g  can 
be allowed. This l eve l ,  re fer red t o  as the  Minimum Acceptable 
Biomass Index (MABI), i s  40% of the  RBI. This represents the min i -  
mal l e v e l  a t  which a f i s h e r y  w i l l  be conducted. 

3.  Establ ishment o f  t he  RBI and MABI l e v e l s  provides a framework 
w i t h i n  which three categor ies o f  stock s t rength  can be described. 

a. Healthy: stocks i n  which abundances are  a t  o r  above the  RBI. 

b. Recovering: stocks where abundance ind ices  a re  below t h e  RBI, 
b u t  a t  o r  above the  MABI. 

c. Severely depressed: stocks where abundance ind ices  are be1 ow 
t h e  MABI. 

4. F ish ing  Periods. 

a. No more than two f i s h i n g  per iods w i l l  normal ly be permi t ted  
w i t h i n  any b i o l o g i c a l  year  as described i n  I.B.6. o f  t h i s  
s t rategy.  More than two f i s h i n g  per iods may be allowed b u t  
on l y  on the  basis o f  underharvests. 

b. Second f i s h i n g  per iods f o r  any stock w i l l  be permi t ted  on ly  
when the f a l l  abundance index exceeds t h a t  i n  the  spring, o r  
i s  g reater  than 125% o f  the  RBI. 

c. Second f i s h i n g  per iods w i l l  be conducted on ly  when the  calcu-  
l a t e d  harvest  goal f o r  a stock i s  500,000 1b (227 mt) o r  g reater .  

d. Harvest ra tes  f o r  stocks shown by pre-season surveys t o  have 
pronounced imbalances o f  age c lass  composition can be lowered 
t o  the fo l lowing:  

(1) Healthy stocks: 25% 

(2) Recoverying stocks : 

(a) 15% - Those w i t h  abundance ind ices  a t  o r  above 40%, 
b u t  l e s s  than 70% of the  RBI. 

(b) 20% - Those w i t h  abundance ind ices  a t  o r  above 70%, 
but  l e s s  than 100% of t h e  RBI. 

5. Harvest Rates: 

a. F i sh ing  i s  n o t  permi t ted  on stocks categor ized as severely 
depressed. 

b. F i r s t  f i s h i n g  per iods:  

(1) Heal t h y  stocks: 40% o f  t h e  abundance index obtained by the  
t raw l  survey immediately p r i o r  t o  the  f i s h i n g  pe r iod  i n  
question. 

-30- 



(2) Recovering stocks : 

(a) 20% - Those w i t h  abundance ind i ces  a t  o r  above 40%, 
b u t  l ess  than 70% o f  the  RBI. 

(b) 30% - Those w i t h  abundance ind ices  a t  o r  above 70%, 
but  l ess  than 100% of the  RBI. 

c. Second f i s h i n g  per iods:  Harvest c r i t e r i a  f o r  second f i s h i n g  
per iods a re  described i n  Sect ion I .C.6.c. be1 ow. 

6. Harvest Goals: 

a. Harvest goals are obtained by apply ing the  appropr ia te  harvest  
r a t e  t o  the  abundance index as determined b t h i s  s t ra tegy  
rounding t o  t h e  nearest  100,000 1 b (45.4 m t  3 . 

b. I n  f i s h i n g  sect ions where more than a s i n g l e  species i s  
encountered, harvest  goals w i l l  be based on the abundance 
of the  pr imary species as determined by the  abundance index 
f o r  t h a t  species and s t i p u l a t i o n s  of t h i s  management s t ra tegy .  
Harvest goals i n  such sect ions are determined by f i r s t  c a l c u l a t -  
i n g  the  desi red pr imary species catch. Th is  i s  accomplished by 
u t i l i z i n g  RBI and pre-season abundance index values f o r  t h a t  
species. The harvest  goal ( t o t a l  catch f o r  a l l  species) ?'s 
then determined by d i v i d i n g  the  desi red pr imary species catch 
by the  percentage of the  pr imary species i n  t h e  pre-season 
t raw l  survey catch. The species composition o f  commercial 
catches w i l l  be c l o s e l y  monitored t o  insure  i t  remains consis-  
t e n t  w i t h  t h a t  determined by the survey. I f  s i g n i f i c a n t  change 
i s  noted, the  harvest  goal w i l l  be adjusted accordingly t o  
insure  at ta inment  of t h e  desi red pr imary species catch. 

c. Harvest goals fo r  second f i s h i n g  per iods w i l l  be computed as 
fo l l ows :  

(1)  Second f i s h i n g  pe r iod  harvest  goals f o r  stocks w i t h  f a l l  
abundance ind i ces  a t  o r  above MABI b u t  l e s s  than 70% of 
the  RBI w i l l  be computed by m u l t i p l y i n g  the  f a l l  survey 
index by 20% and subt rac t ing  the  f i r s t  per iod  catch. 

(2)  The second pe r iod  harvest  goals f o r  stocks where both  
spr ing  and f a l l  abundance ind i ces  are  greater  than 125% 
o f  RBI,  w i l l  be determined by apply ing a 40% harvest  r a t e  
t o  the  f a l l  abundance index. I f  an age i m h l a n c e  ex i s t s ,  
t h e  harvest  r a t e  may be lowered t o  25%. 

(3)  Second f i s h i n g  pe r iod  harvest  goals f o r  stocks n o t  fa1 1 i n g  
i n t o  categor ies 'a o r  b above w i l l  be computed by adding 
56% of t h e  f i r s t  f i s h i n g  pe r iod  catch t o  t h e  f a l l  survey 
abundance index. Th is  g ives an est imate of what the  fa11 
survey would have been had the  f i r s t  pe r iod  catch n o t  been 
taken. Mu1 t i p l y i n g  t h i s  number by the  appropr ia te  harvest  



r a t e  from Section I.C.6.c. above and subtracting the  
f i r s t  f i shing period catch gives the harvest goal f o r  
the  second f ishing period. 

(4) Cr i t e r ia  f o r  second f ishing period harvests a re  summarized 
in Figure 8. 

Example Applications 

1.  Single species,  normal age composition. 

Assume a hypothetical case involving an established f i sh ing  section 
w i t h  an RBI and MABI of 6.5 and 2.6 million 1b (2,955 and 1,182 mt), 
respectively.  Assume a l so  an abundance index of 4.2 million l b  
(1,909 m t )  , of which 100% were P .  borealis, was obtained i n  l a t e  
May, and t ha t  the season was scheduled t o  open 15 June. Assume a l so  
t h a t  the  composite s i z e  composition sample from t h i s  section indi-  
cated normal age composition. 

The f a c t  t h a t  t h i s  index i s  65% of the  RBI level and no s i z e  composi- 
t ion problem i s  apparent d i c t a t e s  a 20% harvest r a t e .  This would 
r e s u l t  i n  a harvest of 840,000 1b (382 mt) (.20 x 4.2) from the  4.2 
million 1b (1,909 mt) abundance index. 

2. Mixed species, normal age composition. 

Assume a hypothetical case involving an establ  ished f ishing section 
where a pre-season survey yielded a primary species abundance index 
of 5.0 mil l ion 1 b (2,273 mt). The RBI fo r  t h a t  species was 4.0 
million 1b (1,818 mt), and the  primary species comprised 45% of the  
pre-season survey catch. The f a c t  t ha t  the  index exceeds the  RBI 
indicates a heal thy stock and, therefore,  a 40% harvest r a t e .  
Application of t h i s  40% harvest r a t e  t o  the 5.0 million 1b (2,273 mt), 
primary species index would r e su l t  i n  a 2.0 mill ion 1 b (909 mt) p r i -  
mary species catch. As this species comprised only 45% of the  to ta l  
survey catch, however, the harvest goal f o r  a l l  species would be 2.0 

.45, o r  4.4 million 1b (2,000 mt). 

3. Mixed species,  age imbalance. 

Assume a hypothetical case involving an established f ishing section 
w i t h  an RBI and MABI fo r  the  primary species,  P .  borealis, of 4.2 
and 1.7 mil 1 ion 1 b (1,909 and 773 mt), respectively.  Assume a1 so 
t ha t  the season i s  scheduled t o  open 15 June and t h a t  a May survey 
showed a combined index f o r  a1 1 species of 12.3 mil 1 ion 1b (5,591 mt) 
w i t h  3.8 mill ion 1 b (1,727 mt) or  30.9% a t t r i bu t ed  t o  P .  borealis 
and the  remainder t o  a secondary species. Assume a l s o  t ha t  s i z e  
composition analyses f o r  P. borealis showed 75% 1 -year-olds , and, 
therefore,  was not considered normal. F i r s t ,  the f a c t  t ha t  the 3.8 
mil 1 ion 1 b (1,727 mt) index f o r  P. borealis i s  between the RBI and 
NAB1 levels  c l a s s i f i ed  t h i s  stock a s  recovering. As t h i s  index 
exceeds 70% of the  RBI and age composition i s  not considered normal, 



F i r s t  F i s h i n g  Pe r iod  

DOUBLE DIP: ONLY i f  s p r i n g  

-- - - - -  -(125::)------ 

{ ( . 5 6  x FPH) + F I )  .40 - FPH 
ONLY i f  f a l l  i ndex  i s  2 
s p r i n g  index.  bli t h  age  i m -  

(wi t h  age  imbalance)  b a l a n c e ,  lower  .40 t o  .25. 

I = Fa1 1 i ndex  
PH = F i r s t  p e r i o d  h a r v e s t  
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index  i s  2 s p r i n g  index .  
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(wi t h  a g e  imbalance)  

F i g u r e  8. C r i t e r i a  f o r  d e t e r m i n i n g  h a r v e s t  g o a l s  for f i r s t  and second f i s h i n g  
p e r i o d s  for  Westward Region shrimp f i s h e r i e s .  



the s t ra tegy permits a 20% harvest r a t e .  T h i s  would r e s u l t  in a 
harvest of 760,000 l b  o r  345 m t  (0.2 x 3.8) of P. borealis. 
Division of this amount by the  composition of P. borealis in 
the survey catch yie l  ds a harvest goal of 2.5 mil 1 ion 1 b (1,136 mt) . 

4. Second f i sh ing  periods: 

a .  Assume RBI i s  10.0 million 1b (4,545 mt) w i t h  spring and f a l l  
abundance indices of 4.2 mill ion I b (190 mt) and 6.9 mil 1 ion 
1b (3,136 mt), respectively.  The f a c t  t h a t  the  spring index 
exceeds MABI but i s  l e s s  than 70% of RBI d i c t a t e s  a harvest r a t e  
of 20%. T h i s  would permit a spring harvest goal of 840,000 1b o r  
382 m t  (.20 x 4.2). The f a l l  index of 6 . 9mi l l i on  1b (3,136 mt) 
i s  a1 so above MABI but be1 ow 70% of RBI, again permitting a 20% 
harvest r a te .  The fa1 1 harvest goal i n  this case would be 
540,000 1 b (245 mt) and be computed a s  follows: .20 x 6.9 - .84 
= .54. 

b. Assume RBI i s  10.0 mill ion 1b (4,545 mt) w i t h  spring and f a l l  
abundance indices of 12.5 and 16.0 million 1b (5,682 and 7,273 
mt), respectively.  The f a c t  t ha t  the  spring index exceeds RBI 
d i c t a t e s  a harvest r a t e  of 40%, permitting a spring harvest  of 
5.0 million l b  o r  2.273 m t  (.40 x 12.5). Since both the  f a l l  
and spring indices exceed 125% of RBI, the f a l l  harvest goal i s  
40% of the  f a l l  index, o r  6.4 mil l ion 1b (2,909 mt). 

c .  Assume RBI i s  10.0 mill ion 1b (4,545 mt) w i t h  spring and f a l l  
abundance indices of 8.0 and 12.0 million 1b (3,636 and 5,455 
mt), respectively.  The f a c t  t h a t  the spring indw is  between 
70% and 100% of RBI d i c t a t e s  a 30% harvest r a t e  and a spring 
harvest goal of 2.4 million l b  o r  1,091 m t  (.20 x 8.0). The 
f a c t  t h a t  the fa1 l index i s  between 70% and 125% of RBI d i c t a t e s  
a 40% harvest r a t e  and a 2.9 mill ion 1b (1,318 mt) harvest goal 
computes a s  follows: .40 (12.0 + .56 C2.411) - 2.4 = 2.9. 

E. Use of Fisheries Performance Data 

Whil e the above c r i t e r i a  cons t i tu te  the  basis  f o r  determining pre-season 
harvest goals,  t h e i r  appropriateness wil l  be f u r t he r  confir,ned by f l e e t  
performance factors .  These include C/E and age composition. Due t o  the 
nature of these f ac to r s ,  t h e i r  use i n  evaluating harvest goals is  neces- 
s a r i l y  subjective.  If  these f ac to r s  a r e  judged t o  represent  t rue  changes 
in stock abundance, harvest goals may be modified accordingly. Use of 
this approach i s  dependent upon t he  a v a i l a b i l i t y  and qua l i ty  of the per- 
formance data received from the f l e e t .  

The present s t a t u s  of stocks demands a conservative approach. There- 
f o r e ,  f i shing performance will be u t i l  ized t o  eval uate harvest goal s 
only on stocks i n  which abundance indices f a l l  within o r  above the upper 
level of the recovering range. Harvest goals f o r  stocks with abundance 
indices below t h i s  level will be modified sole ly  on the  basis  of addi- 
t ional  survey r e su l t s .  



11. Unsurveyed Stocks 

Four types of unsurveyed areas ex is t  which should be considered separately. 
The f i r s t  includes those typically low production areas such as  the North 
and West Afognak sections in Kodiak, which, because of p r io r i t i e s  of vessel 
time and funding, a re  not surveyed. These areas, a s  discussed ea r l i e r  i n  
t h i s  report a re  managed on a his tor ic  harvest basis, i .e. ,  seasonal catches 
are  not allowed to exceed the mean historical harvests. As mentioned 
ea r l i e r  re lat ive to  these areas, they are  normally ut i l ized only a f t e r  
closure of major production areas,  and i n  only one instance have they been 
closed by emergency order prior to  the normal season closure. 

The second type of unsurveyed areas include those which have been fished 
on a very 1 imited basis by the f l e e t  in past years and where surveys a re  
conducted on a sporadic and time available basis. These areas include 
Kuiukta Bay and Seal Cape in the Chignik Distr ic t  and the Sealion Rocks - 
West Nagai S t r a i t ,  Kennoys Island, and Sanak Island areas i n  the South 
Peninsula Distr ic t .  Due to  the f a c t  tha t  stock abundance in these areas 
has remained a t  a very low level fo r  some time and tha t  they have never 
been ut i l ized extensively by the f l e e t ,  they are not surveyed as regularly 
a s  the major grounds. There a re  no present plans to  survey these stocks 
more frequently unti 1 abundance increases are observed i n  adjacent inshore 
areas during regularly scheduled surveys. 

The third type of unsurveyed area includes the vast offshore expanses lying 
outside of the established fishing sections. These waters, which comprise 
conservatively 90% of the Kodiak, Chignik, and South Peninsula Dis t r ic t s ,  
have, for  a l l  intents and purposes never been ut i l ized commercially. While 
shrimp are  known to inhabit these areas,  they have never supported a domes- 
t i c  fishery. These areas are presently not surveyed nor subjected to  any 
active management ac t iv i t ies .  In response to  th i s  lack of assessment inform- 
ation and to the f l e e t ' s  need for  additional grounds, the ADF&G i s  proposing 
opening the offshore grounds of the Chignik and South Peninsula Distr ic ts  
and certain sporadical ly surveyed sections where stock s tatus  i s  uncertain. 
Since opening these largely offshore areas would present a potential enforce- 
ment problem, documented i l legal  fishing in adjacent closed waters could 
resul t  in closure by emergency order. The offshore grounds outside of the 
established fishing sections in the Kodiak Dis t r ic t  will continue to remain 
open throughout the established seasonal fishing period i f  no enforcement 
problems occur. These offshore areas would be managed on a f i sher ies  per- 
formance basis i f  s ignif icant  concentrations were located. 

The fourth type of unsurveyed areas a re  regularly surveyed stocks which, 
for  e i ther  logis t ical  or budgetary reasons, may not be surveyed. As such 
omissions should not preclude consideration of an opening, i n i t i a l  harvest 
goals fo r  such stocks shall be based on prior survey resul ts  and past f i sh-  
e r i e s  performance. In the event such an opening i s  made, fishery performance 
will be closely monitored to determine the appropriateness of the harvest 
goal . 
I t  must be recognized tha t  the shrimp management strategy shown here does 
not direct ly  consider a l l  factors affecting stock condition such as  natural 



and fishing mortality, recruitment, predation,and mating success. These 
factors are  indirectly addressed by the strategy by responding to  abun- 
dance changes regardless of their  cause. In other words, t h i s  strategy 
ac ts  on stocks i n  their  existing condition a f t e r  a l l  such factors have 
affected them, and manages them on that  basis. The primary objective of 
th i s  strategy i s  to  maximize the potential yield by harvesting available 
surpluses, while maintaining suff ic ient  stocks to  insure a high level of 
sustained production. This i s  accomplished by inst i tut ing different ial  
harvest ra tes  on stocks of various conditions. Under this strategy healthy 
stocks are harvested a t  a higher ra te  than those in need of rebuilding. 

Conclusions on Stock Condition 

The question now ar i ses  as to the reason f o r  the pronounced decline seen i n  
shrimp abundance in a l l  major Westward Region shrimp stocks. The progressive 
decline seen i n  the abundance of a1 1 size cohorts suggest tha t ,  by themselves, 
juvenile mortality and overexploitation are  not the only contributors as  they 
would not be expected t o  a f fec t  a l l  s ize  groups simul taneously. The decline 
appears to  resu l t ,  a t  l eas t  par t ia l ly ,  from a non size-selective mortality factor.  
Three potential mortality causes ex is t  which would be expected to  manifest them- 
selves in th i s  manner. The f i r s t  would be an environmental change affecting 
survival or food supply. This could resul t  i n  e i ther  high mortality in a l l  seg- 
ments of each stock or their  progressive migration to  more favorable grounds. 
The second would be occurrence of a disease which causes progressive mortal i ty  
to  a l l  portions of each stock simultaneously. The t h i r d  would be immigration of 
a predator tha t  affects  stocks in a non size-selective manner. 

Based on available knowledge of Gulf of Alaska shrimp resources by the ADF&G as 
well as  by NMFS, the most plausible explanation fo r  the declining shrimp abun- 
dance a t  present appears to  be non size-selective predation. While t h i s  by no 
means rules out the other two potential mortality sources, research data a re  
not available to  support them. Studies on the Westward Region shrimp stocks 
by th i s  agency as well as  NMFS, on the other hand, give considerable support 
t o  non-selective predation being a t  l eas t  one of the major causes of the shrimp 
decl ine. 

Two factors lend evidence fo r  f i sh  predation being a contributor t o  the shrimp 
abundance decline; f i r s t ,  the simultaneous decline seen i n  a l l  shrimp size 
cohorts suggests influence of a mortality factor  which is  not size-selective; 
and second, the coincidence in timing between the decrease in shrimp abundance 
and the increased abundance of cod and pollock in catches made during shrimp 
stock assessment surveys. 

Evidence for  non size-selective feeding on shrimptby Pacific cod comes from 
ongoing feeding habit studies by NMFS which compares the s ize distribution of 
shrimp taken from cod stomachs to tha t  of shrimp in simultaneous shrimp trawl 
catches in Pavl of Bay. This comparison shows no s t a t i s t i ca l  difference between 
those portions of these s ize distributions greater than 16.5 mn carapace length. 
Assuming that  trawls f i sh  non size-selectively on shrimp 16.5 mm and greater in 
carapace length, the portion of the trawl caught shrimp distribution a t  or above 
th i s  s ize can be assumed to represent tha t  in the actual stock. The differences 
seen between s ize distributions below 16.5 mm probably re f lec ts  the s ize se lec t iv i ty  



of shrimp t r a w l  catches, w i t h  the d i s t r i b u t i o n  o f  shrimp from cod stomachs 
probably being more r e f l e c t i v e  o f  t h a t  i n  the  actual  stock. 

A r e l a t i o n s h i p  appears t o  e x i s t  between t h e  abundance o f  predators and the  r a t e  
shrimp stocks have decl ined. Where c o m r c i a l  f i s h i n g  has been proh ib i ted ,  
stocks have genera l ly  continued t o  decl ine,  b u t  a t  a slower r a t e  where preda- 
t o r  f i s h  abundance i s  lowest. 

Although considerable evidence e x i s t s  f o r  predat ion being one of the  pr imary 
f a c t o r s  responsib le f o r  t he  dec l i ne  seen i n  shrimp abundance, t h i s  evidence i s  
a t  present who l ly  c i r c ~ l m s t a n t i a l .  Glhile o ther  p o t e n t i a l  m o r t a l i t y  f a c t o r s  do 
e x i s t ,  they have unfor tunate ly  n o t  been invest iga ted nor  do i n d i c a t i o n s  e x i s t  
t h a t  they have in f luenced stock cond i t ion .  



LITERATURE CITED 

Alaska Department o f  F i sh  and Game. 1982. Westward Region S h e l l f i s h  Report 
t o  t he  Board o f  F isher ies .  395 pp. 

Gaffney, F.G. 1978. Kodiak panda l id  shrimp i nves t i ga t i ons .  Tech. Rept. 5-42-R, 
Segment 2, Comm. Fish. Res. and Devel. Act.  J u l y  1, 1977 t o  June 30, 1978. 
58 PP. 

Jackson, P.B. 1975. Alaska panda l id  shrimp research. Tech. Rept. 5-36-R, 
Comm. Fish.  Res. and Devel . Act. J u l y  1 , 1974 t o  June 30, 1974. 32 pp. 

. 1980. Alaska panda l id  shrimp i nves t i ga t i ons .  Tech. Rept. 5-48-R. 
Corn. Fish. Res. and Devel . Act. J u l y  1, 1979 t o  June 30, 1980. 45 pp. 

. 1981. Alaska panda l id  shrimp i nves t i ga t i ons .  Tech. Rept. 5-48-R. 
Comm. Fish. Res. and Devel. Act.  J u l y  1, 1980 t o  June 30, 1981. 30 pp. 

M i l l e r ,  S.M. and F.G. Gaffney. 1979. SYSTEM LBOOK, a f i s h e r i e s  logbook informa- 
t i o n  management system. Alaska Dept. F ish  and Game, I n f .  L f t .  No. 178. 
60 PP- 



APPENDICES 



Appendix Table 1 . Summary o f  1981 and 1982 Westward Region shrimp t raw l  survey 
r e s u l t s  by f i s h i n g  sec t ion ,  c ru i se ,  and stratum. 

Pop. Est .  
Date No. NM * Pop. Est .  per  NM Percent 

F i sh ing  Sect ion Cru ise S t r a t a 1  Mo-Yr Tows Considered x 106(1  b )  x 1 0 6 ( l b )  E r r o r z  

Marmot I s l a n d  81-1 2 5-81 5 23.70 2.060 .042 48.0 

Marmot Bay 

K a l s i n  Bay 



Appendix Table 1 .  Sumnary o f  1981 and 1982 Westward Region shrimp t r a w l  survey 
r e s u l t s  by f i s h i n g  sec t ion ,  c ru i se ,  and s t ra tum (cont inued) .  

- - - - -- - - - - 
Pop. Es t .  

Date No. NM2 Pop. Es t .  p e r  NM Percent  
F i s h i n q  Sec t ion  Cru ise  s t r a t a '  Mo-Yr Tows Considered x 1 0 6 ( l b )  x 106(1b)  ~ r r o r ~  

K a l s i n  Bay 82-4 2 9-82 3 3.05 .04 .01 90.0 
(con t i  nued ) 3 3 5.98 .15 .02 122.0 

4 2 2.05 .04 .02 130.4 
5 - 1 - 4.03 .07 .02 - 
T 9 15.11 - 3 3  .02 

- 

Ugak Bay 81 - 1 1 5-81 6 12.04 3.120 .259 51 . O  

K i  1 iuda Bay 

Twoheaded I s l a n d  81-1 1 5-81 13 52.81 14.138 .268 40.4 

81 -5 1 9-81 13  51 . 7 3  3.040 .059 23.6 

82- l6  1 5-82 13 45.3 1.83 .04 31 .O 
82-3' 1 6-82 12 45.3 2.65 .06 28.0 



Appendix Table 1. S u m r y  of 1981 and 1982 Westward Region shrimp t raw l  survey 
r e s u l t s  by f i s h i n g  sect ion,  c ru ise ,  and st ratum (cont inued).  

Pop. Est .  
Date No. NM Pop. Est .  per  W Percent 

F ish ing  Sect ion C ru i se  s t r a t a '  Mo-Yr Tows Considered x 1 0 6 ( l b )  x 1 0 6 ( l b )  ~ r r o r '  

Twoheaded I s l a n d  82-4 2 9-82 13 38.28 . I64  .004 51.4 
(cont inued) - 3 - 3 13.47 .019 .001 130.0 

T 16 51.75 . I83  .004 

A l i t a k  Baye 81 -1 2 5-81 12 45.27 8.690 . I92  25.0 
3 - 8 - 78.30 1 .640 .021 62.0 
T 20 123.57 10.330 .084 

Olga Bay 82- 1 3 5-82 1 
4 1 

Uyak Bay 81 -1 3 5-81 4 16.95 .035 .002 59.0 
4 2 1.95 .380 . I95  80.5 



Appendix Tab1 e 1 . Summary o f  1981 and 1982 Westward Region shrimp t r a w l  survey 
r e s u l t s  by f i s h i n g  sec t ion ,  c ru i se ,  and s t ra tum (con t inued) .  

Pop. E s t .  
Date No. NM Pop. Est.  p e r  N$l Percent  

F i sh ing  Sec t i on  C ru i se  S t r a t a 1  Mo-Yr Tows Considered x 1 0 6 ( l b )  x 1 0 6 ( l b )  ~ r r o r '  

Uyak Bay 82-4 2 9-82 1 7.02 .09 .01 - 
(cont inued)  3 4 16.95 .21 .01 79.00 

4 2 1.95 0 . 00 - 

Uganik Bay 

Kukak Bay 

Puale Bay 



Appendix Table  1 .  Summary of 1981 and 1982 Westward Region shrimp trawl survey 
r e s u l t s  by f i s h i n g  s e c t i o n ,  c r u i s e ,  and s t ra tum (cont inued) .  

Pop. Est. 
Date No. NM Pop. Est. per  NM Percent  

Fishing Sec t ion  Cru i se  s t r a t a '  Mo-Yr Tows Considered x 1 0 6 ( l b )  x 1 0 6 ( l b )  ~ r r o r '  . 
Wide Bay 81 -1 1 5-81 6 7.20 1 .950 .271 20.0 

81 -6 1 9-81 6 8.25 1 .404 . I70 45.2 

Chiginagak Bay 81 -2 1 5-81 4 4.74 1.12 .23 70.0 

82- 2 1 5-82 4 4.74 0.08 . C)2 41.90 

81 -2 1 6-81 3 5.63 .07 .012 57.90 Nakal i l o k  Bay 

82-2 1 5-82 4 5.63 0.05 .009 105.50 

19.84 0 0 - Aniakchak Bay 81 -4 1 6-81 5 

19.84 0 0 82-2 1 5-82 4 - 

81 -2 2 5-81 3 4 .3  .045 .010 130.0 Kujulik Bay 
3 - 4 - 18.9 .42 - ,022 129.0 - 
T 7 23.2 .465 .020 



Appendix Table 1 .  Summary of 1981 and 1982 Westward Region shrimp trawl survey 
r e s u l t s  by f i s h i n g  sec t ion ,  c r u i s e ,  and s tratum (continued).  

P O D .  Est .  
Date No. NM pop.  st. NPI Percent  

Fishing Sect ion Cruise s t r a t a 1  Mo-Yr Tows Considered x 1 0 6 ( l b )  x 1 0 6 ( l b )  E r ro r2  

Chignik Bay 81 -2 2 5-81 8 33.7 2.54 
3 

.075 
4 

93.0 
- - - 10.5 .025 .002 
T 12 

69.0 
44.2 2.565 .058 

Kuiukta Bay 

Mitrofania Is. 81 -4 2 6-81 5 1.7.5 .40 .023 37.2 
3 6 24.2 -01 .0004 - 
4 3 35.0 .013 .0004 - 
5 - 2 0 0 - - 98.0 
T 16 174.7 .423 .002 



Appendix Table 1. Summary o f  1981 and 1982 Westward Region shrimp t r a w l  survey 
r e s u l t s  by f i s h i n g  sec t ion ,  c ru i se ,  and st ratum (cont inued) .  

Pop. Es t .  
Date No. NM Pop. Est .  per  FM Percent 

F i sh ing  Sect ion Cru ise s t r a t a '  Mo-Yr Tows Considered x 1 0 6 ( l b )  x 1 0 6 ( l b )  ~ r r o r '  

I vanof  Bay 81 -4 2 6-81 4 20.13 0 0 - 
3 3 17.30 0 0 - 
4 4 24.15 0 0 - 
5 3 28.02 0 0 - 

Stepovak Bay 

Bal boa-Unga 81 -3 1 5-81 6 53.2 0 0 - 
81-7 1 9-81 6 53.2 .32 .006 100.55 

82-2 1 5-82 , 5  53.2 0.75 .01 60.80 

Beaver Bay 81 -3 1 5-81 3 24.00 0 0 - 



Appendix Table 1. Sumnary of 1981 and 1982 Westward Region shrimp trawl survey 
r e s u l t s  by f ishing sect ion,  c ru i se ,  and stratum (continued). 

Pop Est.  
Date No. NM Pop. Est. per NF1 Percent 

Fishing Section Cruise S t r a t a1  Mo-Yr Tows Considered x 106( lb )  x 106 ( lb )  Error2 

Sealion Rocks 81-3 1 5-81 3 32. Or) 0 - - 
Acheredi n Point 81 -3 1 5-81 3 24.00 0 - - 
Kennoys Island 81-3 1 5-81 6 52.00 0 - - 
Popof S t r a i  t 

W .  Nagai S t r a i t  81-3 1 5-81 3 28.00 0 - - 
Pavlof Bay 81 -3 2 5-81 10 84.4 4.99 .059 30.82 

Be1 kofs ki Bay 82- 2 1 5-82 3 11 - 5  .0007 0 130.0 

Morzhovoi Bay 81-3 2 5-81 7 77.12 5.54 .072 36.51 

Totals 1981-821° 
1982-83 O 

'Unstrat if ied,  e n t i r e  area considered as  s ing le  stratum. The d i g i t s  2, 3, 4, 5, e t c .  
represent individual s t r a t a  designation in sections where mu1 t i p l e  s t r a t a  a re  
considered. T=Total f o r  a1 1 s t r a t a .  

2 A t  the 80% confidence level . 
3Survey conducted by M/V RESOLUTION and M/ALASKA sjmul taneous ly  . 
4 Tows as spec i f i c  s i t e s  se lected by skipper - time not avai lable  f o r  a formal survey. 
Data not val id  f o r  use i n  generating an abundance index. 

'Percent e r ro r  f o r  a1 1 s t r a t a  combined. 

6Problem found with trawl rigging following survey - sect ion resurveyed. 

'Strata 2 - Inner Alitak Bay. S t r a t a  3 - Alitak Fla ts .  

'Vessel breakdown a f t e r  f i r s t  two tows - no est imate made. 

1°Seasonal t o t a l s  . 
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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